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A B S T R A C T
Background: As populations become increasingly urbanised, the preservation of urban green space (UGS) be-
comes paramount. UGS is not just dedicated recreational space such as public parks, but other types of informal
green space are important, for example, street trees and roof gardens. Despite the potential from cross-sectional
evidence, we know little about how to design new, or improve or promote existing UGS for health, wellbeing,
social and environmental benefits, or known influencing factors such as physical activity.
Objectives: To perform a meta-narrative review of the evidence regarding the health, wellbeing, social, en-
vironmental and equity effects, or known influencing factors of these outcomes, of UGS interventions.
Data sources: Eight electronic databases were searched ((Medline, PsycINFO, Web of Science (Science and Social
Science Citation Indices), PADDI (Planning Architecture Design Database Ireland), Zetoc, Scopus, Greenfiles,
SIGLE (System for Information on Grey Literature in Europe)), and reference lists of included studies and re-
levant reviews were hand searched for further relevant studies.
Study eligibility criteria, participants, and interventions: Eligibility criteria included: (i) evaluation of an UGS in-
tervention; and (ii) health, wellbeing, social or environmental outcome(s), or known influencing factors of these
outcomes, measured. Interventions involving any age group were included. Interventions must have involved:
(a) physical change to green space in an urban-context including improvements to existing UGS or development
of new UGS, or (b) combination of physical change to UGS supplemented by a specific UGS awareness, mar-
keting or promotion programme to encourage use of UGS.
Study appraisal and synthesis methods: Following a meta-narrative approach, evidence was synthesised by main
intervention approach, including: (i) park-based; (ii) greenways/trails; (iii) urban greening; (iv) large green built
projects for environmental purposes. Outcomes such as economic (e.g. cost effectiveness and cost–benefit ana-
lyses), adverse effects and unintended consequences were also extracted. Evidence was synthesised following the
RAMESES guidelines and publication standards, the PROGRESS-plus tool was used to explore equity impact, and
risk of bias/study quality was assessed. The findings from the evidence review were presented at an expert panel
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representing various disciplines in a workshop and these discussions framed the findings of the review and
provide recommendations that are relevant to policy, practice and research.
Results: Of the 6997 studies identified, 38 were included. There was strong evidence to support park-based (7/7
studies) and greenway/trail (3/3 studies) interventions employing a dual-approach (i.e. a physical change to the
UGS and promotion/marketing programmes) particularly for park use and physical activity; strong evidence for
the greening of vacant lots (4/4 studies) for health, wellbeing (e.g. reduction in stress) and social (e.g. reduction
in crime, increased perceptions of safety) outcomes; strong evidence for the provision of urban street trees (3/4
studies) and green built interventions for storm water management (6/7 studies) for environmental outcomes
(e.g. increased biodiversity, reduction in illegal dumping). Park-based or greenway/trail interventions that did
not employ a dual-approach were largely ineffective (7/12 studies showed no significant intervention effect).
Overall, the included studies have inherent biases owing to the largely non-randomized study designs employed.
There was too little evidence to draw firm conclusions regarding the impact of UGS interventions on a range of
equity indicators.
Limitations; conclusions and implications of key findings: UGS has an important role to play in creating a culture of
health and wellbeing. Results from this study provide supportive evidence regarding the use of certain UGS
interventions for health, social and environmental benefits. These findings should be interpreted in light of the
heterogeneous nature of the evidence base, including diverging methods, target populations, settings and out-
comes. We could draw little conclusions regarding the equity impact of UGS interventions. However, the true
potential of UGS has not been realised as studies have typically under-evaluated UGS interventions by not taking
account of the multifunctional nature of UGS. The findings have implications for policymakers, practitioners and
researchers. For example, for policymakers the trajectory of evidence is generally towards a positive association
between UGS and health, wellbeing, social and environmental outcomes, but any intervention must ensure that
negative consequences of gentrification and unequal access are minimised.
1. Introduction
Globally, around two in three people are predicted to live in urban
areas by 2050 (Revi et al., 2014). However, these levels of urbanisation
are projected to increase social and health inequalities, with corre-
sponding negative impacts on physical and mental health, wellbeing
and social cohesion (Giles-Corti et al., 2016). Though health and
wellbeing have complex social determinants, a central hypothesis is
that benefits to health and wellbeing can be achieved through in-
creasing physical activity and social interaction at the neighbourhood
scale and by enhancing people's ability to participate in society. This
may be achieved by improving the mobility and social networks of the
population through designing better social and physical infrastructure,
including increasing and enhancing the provision of urban green space
(UGS) (WHO Regional Office for Europe, 2016 2017a, 2017b). Urban
green space includes dedicated recreational space such as public parks,
and other types of green space and vegetation, for example, street trees
and green roofs. Therefore, provision and preservation of UGS in a
rapidly urbanising global context is important for a range of health,
wellbeing and social outcomes.
However, provision of adequate UGS is challenging due to housing,
retail and commercial developments and transport infrastructure all
competing for limited space. Furthermore, increasing storm water flows
and pollution loads created by impervious surfaces from roofs, drive-
ways, and sidewalks can create considerable environmental and health
challenges, such as flooding, water pollution and high air temperature,
as well as threatening the condition of existing green space.
Nonetheless, there are opportunities to redesign UGS in order to im-
prove liveability and sustainability, and an urgent need to address is-
sues of loss and deterioration of UGS where populations are growing
and the urban footprint expanding. Maintaining (and in many cases
increasing) green space quantity and quality in the face of increasing
urbanisation is therefore a pressing global challenge, recognised in the
UN Sustainable Development Goals (n.d.).
Research examining the public health benefits of access to green
space is extensive and persuasive (Kuo, 2015; Gascon et al., 2016;
Twohig-Bennett and Jones, 2018). Physical, psychological, social,
economic and environmental benefits are evidenced, although some
reviews still report mixed findings and often low-quality evidence
(Bedimo-Rung et al., 2005; Bowler et al., 2010a, 2010b; Lee and
Maheswaran, 2010; Lachowycz and Jones, 2011; Bragg and Atkins,
2016; Husk et al., 2016; Song et al., 2016; Twohig-Bennett and Jones,
2018). For example, in the most recent systematic review and meta-
analyses by Twohig-Bennett and Jones (2018) including 143 studies,
there was statistically significant support for exposure to green space
and health outcomes such as decreased heart rate (−2.57; 95% CI
-4.30, −0.83), decreased risk of type II diabetes (0.72; 95% CI 0.61,
0.85), and all-cause mortality (0.69; 95% CI 0.55, 0.87). However, the
conclusions must be interpreted with caution due to high levels of
heterogeneity for some meta-analyses and a proportion of studies of
poor quality. However, such benefits are not necessarily equitable
across all in society. Some research suggests that the provision of UGS is
associated with widening health and social inequalities (Cole et al.,
2017), whereas other research suggests particular benefits for our most
deprived populations (Mitchell and Popham, 2008; Maas et al., 2009a,
2009b; Mitchell et al., 2015; Twohig-Bennett and Jones, 2018). How-
ever, many of these arguments are based on observational evidence,
and the impact of UGS interventions on equity is limited (Twohig-
Bennett and Jones, 2018).
Many policymakers are advocating changes in the physical en-
vironment, including the provision of UGS, to support healthy popu-
lations (WHO Regional Office for Europe, 2006; Benton et al., 2016;
Sallis et al., 2016; NICE, 2018; WHO Regional Office for Europe, 2018).
However, despite a substantial body of cross-sectional evidence and the
attention given to the importance of physical environments (WHO
Regional Office for Europe, 2006; Sallis et al., 2016; NICE, 2018), the
evidence for the effectiveness of creating supportive physical environ-
ments through intervention research, particularly UGS, is inconsistent
and of modest quality (Hunter et al., 2015; Benton et al., 2016). In some
places, UGS receive significant investment for delivery and manage-
ment, particularly from local authorities and through new develop-
ment. In others, constrained or reduced budgets for managing UGS limit
opportunities for growth and improvement. Therefore, in the context of
rapid urbanisation and limited public spending, there is a need to de-
termine how to optimally intervene to provide adequate exposure to
UGS for all of society to realise the evidenced health, wellbeing, social
and environmental benefits.
Using UGS as an intervention for multiple health, social and en-
vironmental benefits offers many advantages. Unlike individual-level
health promotion approaches, developing a supportive environment
has the potential to achieve a greater reach by facilitating, population-
wide improvements in health, and long-term effects. Consideration of
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wider social and environmental benefits alongside health promotes the
‘multi-functionality’ of UGS interventions with impacts in multiple
domains, demonstrating value more comprehensively. Maes et al.
(2015) and WHO Regional Office for Europe (2006) encouraged local
authorities to increase and improve the provision of UGS and most ci-
ties now have green space, open space or green infrastructure strate-
gies. However, there is little information about how to intervene to
ensure adequate provision of, and exposure to, UGS that results in the
greatest and most cost-effective benefits. A recent review by Hunter
et al. (2015) suggested that there was promising evidence for UGS in-
terventions that combined a change to the physical green space with a
promotion/marketing programme for increasing park usage and phy-
sical activity levels. However, this review solely focused on physical
activity behaviour, so there is a need to conduct a review to extend the
current evidence base of UGS interventions for other health, social and
environmental benefits in order to evidence the holistic nature of UGS
interventions and make recommendations regarding future approaches.
This is particularly important given the emphasis on multifunctional
UGS – there is a need to demonstrate the range of impacts from similar
interventions to make the case for investment and the consideration of
single benefits can hamper this endeavour. Further, outcomes of health,
wellbeing, social and environment are not independent but rather in-
teract in a complex system. For example, the provision of urban street
trees may impact positively on mental wellbeing and biodiversity
measures yet increase air pollution levels due to reduced air circulation
from canopy cover (Jin et al., 2014). Also, provision of lighting in UGS
may increases perceptions of safety and increase usage of the space yet
reduce biodiversity due to light pollution causing birds to migrate from
the area. By focusing on a range of outcomes, this review will help us
better understand the multifunctional nature of UGS. Therefore, the
aims of this study were three-fold: 1) to review and synthesise the
evidence on the environmental, health, wellbeing, social and equity
effects of UGS interventions; 2) to discuss the findings at an expert
review panel; 3) to develop recommendations on UGS interventions to
policymakers, practitioners and researchers.
2. Methods
This work is based on a WHO report on UGS interventions (WHO
Regional Office for Europe, 2017a). The purpose of this study is to
describe the meta-narrative process used to incorporate the findings
from the expert review panel and the development of recommendations
for policymakers, practitioners and researchers from the evidence
synthesis.
2.1. Review process and meta-narrative review rationale
Initially, a systematic review process was followed according to the
PRISMA guidelines (Liberati et al., 2009). However, the varied nature
of the literature in terms of the methods, target populations, settings
and outcome measures meant that the systematic review process (and a
meta-analysis) was quickly found to be inappropriate and would limit
the conclusions drawn from the review. For this reason, a systematic
review using a meta-narrative method, following the RAMESES guide-
lines (Wong et al., 2013), was adopted. This methodology enabled the
differing conceptualisations, methodologies, outcomes and analyses to
be synthesised (Wong et al., 2013).
2.2. Meta-narrative review principles
In this review process, the six guiding principles of the meta-nar-
rative method were followed, namely: pragmatism, pluralism, histori-
city, contestation, reflexivity and peer review (Greenhalgh et al., 2005).
During the current review process, the six guiding principles of the
meta-narrative method as first described by Greenhalgh et al., 2005 and
presented by Wong et al., 2013 were followed and are presented below:
1) pragmatism: the review was guided by what the authors felt was the
most useful information for the intended audience of urban green
space researchers, practitioners and policymakers;
2) pluralism: the topic in question (i.e. environmental, health, well-
being, social and equity effects of UGS interventions) were re-
viewed, taking into consideration multiple perspectives and view-
points from a range of disciplines including urban planning, public
health, built environment;
3) historicity: the literature was reviewed over a significant period of
time in order to determine how the tradition was shaped (i.e. no
date restriction was placed on the database searches, resulting in
studies spanning a 14 year period from 2002 to 2016);
4) contestation: conflicting findings were considered in order to de-
termine how the effectiveness of UGS interventions was viewed by
UGS researchers, policymakers and practitioners;
5) reflexivity: when performing the review, each of the members of the
review team took time to reflect on the findings, individually and as
part of the review team;
6) peer review: findings were shown to an independent audience
(WHO expert panel – see Section 2.8) and the feedback utilised to
inform recommendations for researchers, policymakers and practi-
tioners.
2.3. Scoping the literature
First, a scoping review of the literature was conducted through
searches of academic and grey literature. Each member of the multi-
disciplinary research team had input into the literature review and
provided documents for inclusion (Greenhalgh et al., 2005; Wong et al.,
2013). This enabled the principle of pragmatism (principle one) and
pluralism (principle two) to be implemented within the current review.
The literature were searched iteratively, which further allowed dif-
ferent research disciplines and perspectives to be considered in the
process and to take into consideration the forth guiding principle of the
meta-narrative, contestation.
2.4. Search processes
Eight electronic databases were searched ((Medline, PsycINFO, Web
of Science (Science and Social Science Citation Indices), PADDI
(Planning Architecture Design Database Ireland), Zetoc, Scopus,
Greenfiles, SIGLE (System for Information on Grey Literature in
Europe)). The references lists from the resulting literature were ex-
amined by hand to identify additional studies using the ‘forward and
backward’ citation tracking method. Keywords related to ‘urban green
space’, ‘intervention types’ and ‘study design’ were used (Appendix A).
To ensure a comprehensive search of the literature was performed and
historicity (principle three of the six guiding principles of the meta-
narrative method) was considered, no restrictions were placed on year
of publication.
2.5. Selection and appraisal of documents
Three researchers (RH, CC and AC) with expertise in different dis-
ciplines (namely, public health, urban planning and built environment)
independently screened titles, abstracts, and full texts for eligibility.
This multidisciplinary approach ensured pluralism (principle two), with
any disagreements regarding inclusion of studies being resolved
through consensus. Percentage agreement and Cohen's Kappa were
calculated for title/abstract and full text screening.
Studies were included if they met the following criteria:
(i). Population: No restrictions were placed on included studies by
socio-demographic characteristics including age, gender, Socio-
economic Position (SEP).
(ii).
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Intervention: An UGS intervention to affect environmental condi-
tions, promote/encourage health and wellbeing or tackle in-
equalities that involved: (a) physical change to green space in an
urban-context including improvements to existing UGS or devel-
opment of new UGS, or (b) a dual approach with both a physical
change to UGS and a specific UGS awareness, marketing or pro-
motion programme to encourage use of UGS. Interventions that
solely involved an awareness or promotion program with no
change to the physical environment were excluded. Appendix B
provides further details.
(iii). Outcomes: The study must have included a measure related to a
health, wellbeing, social or environmental outcome, or a known
influencing factors of these outcomes (e.g. physical activity).
Relevant environmental outcomes included measures of water
quality and quantity, noise pollution, ambient temperature, tem-
perature of buildings, air quality and biodiversity measures (e.g.
abundance and diversity of bird species). Health outcomes in-
cluded measures such as physiological changes (e.g. aerobic fit-
ness, body mass index (BMI), blood pressure), number and types
of injuries, and disease reduction in, for example, cardiovascular
disease, cancers and diabetes. Factors known to influence health,
such as physical activity and green space usage, were included.
Wellbeing outcomes included mental health (e.g. levels of de-
pression, stress, anxiety), and general wellbeing (e.g. levels of
happiness, measures of mental wellbeing). Social outcomes such
as social capital (or specific constructs of this multifactorial con-
cept), social cohesion, perceptions of safety and the number of
crimes were considered for inclusion.
(iv). Study design: Studies involving a control/comparator group or pre/
post design or other relevant design that allowed identification of
intervention impacts were included. For example, cluster rando-
mized controlled trials (cRCTs), randomized controlled trials
(RCTs), quasi-experimental designs that used a control group or
population or exposure for comparison, interrupted time-series,
and prospective controlled cohort studies were considered for
inclusion.
(v). English language and full text available: Only those studies available
in English language were included due to resource restrictions for
translation. The full text version of articles must have been ac-
cessible to be included.
2.6. Data extraction
Key characteristics and outcomes of the studies were extracted and
tabulated using a pre-piloted form by RH and cross-checked by CC.
These characteristics included study design, country, population, de-
scription of intervention and control/comparator group, outcome
measures, duration of follow-up and summary of study findings.
Economic outcomes (e.g. cost effectiveness and cost-benefit analyses),
adverse effects and unintended consequences were also extracted.
2.7. Analysis and synthesis
The methodological heterogeneity of the included studies meant
that pooling data after extraction for meta-analyses was not appro-
priate. However, during the analysis and synthesis stage of the current
meta-narrative method it was determined following analysis of the
identified data, discussions within the research team and by comparing
and contrasting how each member had conceptualised their study
under the theme of ‘urban green space interventions’ that the best ap-
proach would be to synthesise the data across four differing meta-
narratives. The four meta-narratives that were identified by the re-
search team were categorised by the main intervention approach (see i-
iv below). The research team felt that the intervention approach would
not only provide the best method to synthesis the meta-narratives for
review but by doing so, this would provide the most useful information
for practitioners and policymakers. This is in keeping with the prag-
matism principle of the meta-narrative approach. Intervention ap-
proaches included:
(i). Park-based: involved change to the physical environment of the
park only, or employed a dual-approach combining a change to
the physical environment with programming or marketing events
in order to promote use of the park;
(ii). Greenways/trails: involved change to the physical environment,
such as development of new greenways and walking/cycling
trails, or the modification of existing greenways and trails, for
example, through the addition of signage; or employed a dual-
approach (as described in (i));
(iii). Urban greening: involved aesthetic-based interventions such as
greening of vacant lots (typically involving removing rubbish,
planting trees), provision of street trees;
(iv). Green built interventions, such as rain gardens, green roofs, pri-
marily for environmental purposes such as storm water manage-
ment or cooling urban/suburban areas.
Initially, both the analysis and synthesis stages were conducted by
RH and CC, however, the other review co-authors provided their input
based on their multi-disciplinary knowledge and experience in order to
comment on, and to provide their input into the four chosen meta-
narratives. Subsequently, the results for each study were presented
under the four differing meta-narratives enabling interpretation of the
findings and to provide insights of the effectiveness of each of the four
intervention approaches. This provided the opportunity for the review
team to ensure reflexivity (principle five), by taking time to reflect on
the findings, individually and as part of the team. Studies were in-
dicated as having a positive intervention effect if they showed a sta-
tistically significant positive effect in favour of the intervention at the
p < 0.05 level.
The PROGRESS-plus tool was used to examine the equity effects of
UGS interventions (O'Neill et al., 2014). This tool summarises a number
of evidence-based determinants of health, including place of residence,
race or ethnicity, occupation, gender, religion, education, social capital,
socioeconomic status (SES), plus age, disability and sexual orientation.
Appendix C details the working definitions of each of these factors.
Studies were classified based on how they analysed PROGRESS-Plus
factors including differential intervention effects, subgroup analyses,
interaction analyses and demographic descriptors (see Appendix C for
further information).
Risk of bias and study quality was assessed using a tool by Twohig-
Bennett and Jones (2018) (see Appendix E), that has previously been
adapted for interventions (Ogilvie et al., 2007; Hanson and Jones,
2015). No study was excluded due to a low quality score. Assessments
of quality were initially made by the first reviewer (RH) and then all
studies were cross-checked by either AC or CC for discrepancies. In line
with the review by Twohig-Bennett and Jones (2018), a study scoring
≥9 was considered high quality.
2.8. Expert panel workshop
As part of the meta-narrative review method the sixth guiding
principle is ‘peer review’. The findings of the review were presented to
an independent/external audience that provided feedback and further
in-depth insights into the findings; allowing the reviewers to utilise the
responses in a way that guided further reflection and interpretation of
the review findings.
For that reason, the findings from the evidence review were pre-
sented to 28 experts from 12 countries (UK, Germany, The Netherlands,
Norway, France, Spain, Sweden, US, Portugal, Australia, Italy, Estonia)
representing research, policy and practice in a workshop (organised by
MB). These peer-review discussions were used to frame and reflect upon
the findings of the review and in addition, to provide recommendations
R.F. Hunter, et al. Environment International 130 (2019) 104923
4
Ta
bl
e1
Su
mm
ary
ch
ara
cte
ris
tic
so
fp
ark
-ba
sed
int
erv
en
tio
ns
.
Stu
dy
de
scr
ipt
or
Re
su
lts
Re
fer
en
ce
Stu
dy
de
sig
n
Ur
ba
na
rea
Po
pu
lat
ion
Int
erv
en
tio
n
Co
nt
ro
l
Ou
tco
me
Fo
llo
w-
up
(m
on
th
s)
Ou
tco
me
me
as
ur
es
Int
erv
en
tio
ns
em
plo
yin
ga
du
al-
ap
pr
oa
ch
(i.
e.
ap
hy
sic
al
ch
an
ge
to
th
ep
hy
sic
al
en
vir
on
me
nt
an
dp
ro
mo
tio
n/
ma
rk
eti
ng
pr
og
ram
me
)(
n=
7)
NS
W
De
pa
rtm
en
t
of
He
alt
h,
20
02
Qu
as
i-
ex
pe
rim
en
t:
co
nt
ro
lle
d,
pr
e-
po
st
de
sig
n
Ur
ba
na
rea
;W
est
ern
Sy
dn
ey
,A
us
tra
lia
Re
sid
en
ts
ag
ed
25
–6
5y
ea
rs
liv
ing
in
La
ch
lan
Ma
cq
ua
rie
wa
rd
(in
ter
ve
nt
ion
gr
ou
p)
an
d
Ca
ro
lin
eC
his
ho
lm
wa
rd
(co
nt
ro
lg
ro
up
)
3t
yp
es
of
int
erv
en
tio
ns
in
3p
ark
s:
pr
om
oti
ng
PA
an
d
pa
rk
us
e(
via
ad
ve
rti
sem
en
ts,
wa
lki
ng
ma
ps
),
pa
rk
mo
difi
ca
tio
ns
(si
gn
ag
e,
gr
ee
nin
g,
im
pr
ov
ed
pa
th
s,
ne
w
pla
yg
ro
un
d)
an
dt
he
est
ab
lis
hm
en
to
fw
alk
ing
gr
ou
ps
2p
ark
ss
im
ila
ri
n
de
mo
gr
ap
hic
pr
ofi
le
of
res
ide
nt
s,
cli
ma
te,
ge
og
rap
hy
,
su
rro
un
din
gf
ea
tu
res
,
pr
ox
im
ity
to
ma
jor
ce
nt
res
,
tra
ns
po
rt
an
do
th
er
ser
vic
es
+
ve
:I
nt
erv
en
tio
n
gr
ou
p
mo
re
lik
ely
to
ha
ve
wa
lke
d
in
th
e2
we
ek
sp
rio
rt
o
fol
low
-up
th
an
co
nt
ro
l.
Sig
gr
ou
pb
yg
en
de
r
int
era
cti
on
ind
ica
ted
int
erv
en
tio
n
ma
les
we
re
2.8
tim
es
mo
re
lik
ely
to
wa
lk
th
an
we
re
ma
les
in
th
ec
on
tro
lw
ard
Ba
sel
ine
an
da
tf
oll
ow
-
up
12
mo
nt
hs
lat
er
Te
lep
ho
ne
su
rv
ey
,d
ire
ct
ob
ser
va
tio
na
nd
inf
ra-
red
co
un
ter
est
im
ati
on
:P
A
pa
rti
cip
ati
on
rat
es,
pr
op
or
tio
n
of
pe
op
le
ad
eq
ua
tel
ya
cti
ve
an
du
se
of
loc
al
pa
rk
s
Te
ste
ra
nd
Ba
ke
r,
20
09
Qu
as
i-
ex
pe
rim
en
t:
co
nt
ro
lle
d,
pr
e-
po
st
de
sig
n
Ur
ba
na
rea
;S
an
Fr
an
cis
co
,C
ali
for
nia
,
US
A
Re
so
ur
ce
po
or
ne
igh
bo
ur
ho
od
s;
pr
im
ari
ly
La
tin
o,
Af
ric
an
-
Am
eri
ca
n
an
dA
sia
n;
me
dia
n
ho
us
eh
old
inc
om
e$
34
–5
6,0
00
Ma
jor
ren
ov
ati
on
st
o2
pa
rk
s:
lig
ht
ing
,f
en
cin
g,
art
ifi
cia
lt
ur
f,
lan
ds
ca
pin
g,
pic
nic
be
nc
he
s,
go
al
po
sts
,
wa
lkw
ay
s
On
ec
on
tro
lp
ark
wh
ich
ha
d
sim
ila
rs
oc
ioe
co
no
mi
ca
nd
rac
ial
/e
th
nic
de
mo
gr
ap
hic
so
f
ne
arb
yr
esi
de
nt
sa
nd
its
fea
tu
res
+
ve
:S
ig
inc
rea
ses
of
>
4-f
old
ma
gn
itu
de
am
on
g
ch
ild
ren
an
da
du
lts
of
bo
th
ge
nd
ers
at
th
ei
nt
erv
en
tio
n
pa
rk
pla
yfi
eld
s,
bu
tn
ot
in
th
ec
on
tro
lp
ark
;S
ig
pa
rk
us
ei
nn
on
-pl
ay
fie
lds
Ma
y-J
un
20
06
an
d
fol
low
up
in
su
mm
er
20
07
SO
PA
RC
8t
im
es
pe
rd
ay
du
rin
go
bs
erv
ati
on
pe
rio
d
Co
he
n
et
al.
,2
01
3
RC
T:
pa
rk
s
ran
do
mi
ze
dt
o3
stu
dy
arm
s(
17
pa
rk
sp
er
stu
dy
arm
)
Ur
ba
na
rea
;L
os
An
ge
les
,C
ali
for
nia
,
US
A
Pa
rk
su
ser
sa
nd
res
ide
nt
s
liv
ing
wi
th
in
1m
ile
rad
ius
of
pa
rk
2i
nt
erv
en
tio
ng
ro
up
s:
1)
Pa
rk
Di
rec
tor
on
ly;
2)
Pa
rk
Ad
vis
or
yB
oa
rd
-Pa
rk
Di
rec
tor
Inv
olv
ed
in
all
as
pe
cts
of
res
ea
rch
an
di
nu
sin
g
ba
sel
ine
res
ult
st
od
esi
gn
pa
rk
-sp
ec
ifi
ci
nt
erv
en
tio
ns
to
inc
rea
se
pa
rk
us
ea
nd
PA
;P
ark
Di
rec
tor
sr
ec
eiv
ed
5t
rai
nin
gs
ess
ion
sf
ro
m
a
ma
rk
eti
ng
co
ns
ult
an
t.E
ac
h
pa
rk
rec
eiv
ed
$4
00
0t
o
sp
en
do
n
sig
na
ge
;
pr
om
oti
on
al
inc
en
tiv
es;
ou
tre
ac
h
an
ds
up
po
rt
for
gr
ou
pa
cti
vit
ies
17
co
nt
ro
lp
ark
s:
Pa
rk
s
ran
do
mi
ze
db
as
ed
on
pa
rk
siz
e,
nu
mb
er
of
fac
ili
tie
sa
nd
pr
og
ram
me
so
ffe
red
by
th
e
pa
rk
an
ds
oc
io-
de
mo
gr
ap
hic
ch
ara
cte
ris
tic
so
ft
he
po
pu
lat
ion
wi
th
in
1-m
ile
rad
ius
+
ve
:I
n
bo
th
int
erv
en
tio
n
pa
rk
s,
PA
inc
rea
sed
,
ge
ne
rat
ing
an
est
im
ate
d
av
era
ge
of
60
0m
or
ev
isi
ts/
we
ek
/p
ark
,a
nd
18
30
mo
re
ME
T-
ho
ur
so
fP
A/
we
ek
/
pa
rk
Ba
sel
ine
(A
pr
20
08
-
Ma
r2
01
0)
an
di
n
sa
me
sea
so
na
tf
oll
ow
-
up
(A
pr
20
10
-A
pr
20
12
)
SO
PA
RC
(4
tim
es
pe
rd
ay
ov
er
7d
ay
s)
Pr
im
ary
ou
tco
me
:c
ha
ng
ei
n
nu
mb
er
of
pa
rk
us
ers
an
d
ch
an
ge
in
th
el
ev
el
of
pa
rk
-
ba
sed
PA
(M
ET
-ho
ur
s)
Su
rv
ey
of
ran
do
m
sa
mp
le
of
res
ide
nt
sl
ivi
ng
wi
th
in
1
mi
le
of
pa
rk
W
ard
Th
om
ps
on
et
al.
,2
01
3
Qu
as
i-
ex
pe
rim
en
t:
co
nt
ro
lle
d,
pr
e-
po
st
de
sig
n
Ur
ba
na
nd
su
bu
rb
an
are
as
;G
las
go
w,
Sc
otl
an
d,
Un
ite
d
Ki
ng
do
m
n=
21
5h
igh
so
cio
ec
on
om
ic
de
pr
iva
tio
n(
wi
th
in
top
15
%)
an
dw
ith
wo
od
s/
gr
ee
ns
pa
ce
wi
th
in
50
0m
of
th
ec
om
mu
nit
y
Re
ge
ne
rat
ion
pr
oje
ct:
co
ns
tru
cti
on
of
im
pr
ov
ed
foo
tpa
th
s;
cle
ari
ng
ru
bb
ish
an
ds
ign
so
fv
an
da
lis
m;
sig
na
ge
an
de
nt
ran
ce
ga
tew
ay
s;
sil
vic
ult
ur
al
wo
rk
to
im
pr
ov
e
ap
pe
ara
nc
ea
nd
sa
fet
yo
f
tre
es
an
dv
eg
eta
tio
n
(im
pr
ov
ev
iew
sa
nd
vis
ibi
lit
y)
;p
ub
lic
ity
an
d
gr
ou
pa
cti
vit
ies
to
en
co
ur
ag
ek
no
wl
ed
ge
of
wo
od
lan
ds
an
d
op
po
rtu
nit
ies
for
us
e
No
en
vir
on
me
nt
al
int
erv
en
tio
nw
ith
in
th
eg
ree
n
sp
ac
e
+
ve
:Q
ua
lit
yo
fl
ife
sig
inc
rea
sed
in
bo
th
ne
igh
bo
ur
ho
od
s(
mo
re
in
int
erv
en
tio
n)
ov
er
tim
ea
nd
as
ig
diff
ere
nc
ei
nq
ua
lit
yo
f
th
ep
hy
sic
al
en
vir
on
me
nt
be
tw
ee
n
sit
es
in
20
06
bu
t
no
t2
00
9.
Sig
diff
ere
nc
es
in
pe
rce
pti
on
so
fs
afe
ty
(p
<
0.0
5)
in
th
e
int
erv
en
tio
n
sit
eo
ve
rt
im
e,
co
mp
are
d
wi
th
no
sig
ch
an
ge
in
th
ec
on
tro
l
Ba
sel
ine
(N
ov
20
06
);
fol
low
up
am
ini
mu
m
of
12
mo
nt
hs
po
st
int
erv
en
tio
n(
No
v
20
09
)
Qu
est
ion
na
ire
to
as
ses
s
diff
ere
nc
es
in
pe
rce
pti
on
s
an
db
eh
av
iou
rr
ela
tin
gt
o
loc
al
ne
igh
bo
ur
ho
od
,
en
vir
on
me
nt
an
d
wo
od
lan
ds
.E
nv
iro
nm
en
tal
as
ses
sm
en
tt
or
ec
or
d
en
vir
on
me
nt
al
qu
ali
ty
an
d
ch
an
ge
Ki
ng
et
al.
,2
01
5
Ur
ba
na
rea
;D
en
ve
r,
Co
lor
ad
o,
US
A
Re
sid
en
ts
of
tra
ns
iti
on
al
ho
us
ing
(h
om
ele
ss
an
d
Tr
an
sfo
rm
ati
on
of
2-a
cre
s
of
un
de
ve
lop
ed
gr
ee
n
No
co
nt
ro
l
+
ve
:S
ig
inc
rea
se
in
tot
al
nu
mb
er
of
pe
op
le
ob
ser
ve
d
SO
PA
RC
–4
on
e-h
ou
rn
on
-
co
nt
inu
ou
so
bs
erv
ati
on
s
(co
nti
nu
ed
on
ne
xt
pa
ge)
R.F. Hunter, et al. Environment International 130 (2019) 104923
5
Ta
bl
e1
(co
nti
nu
ed
)
Stu
dy
de
scr
ipt
or
Re
su
lts
Re
fer
en
ce
Stu
dy
de
sig
n
Ur
ba
na
rea
Po
pu
lat
ion
Int
erv
en
tio
n
Co
nt
ro
l
Ou
tco
me
Fo
llo
w-
up
(m
on
th
s)
Ou
tco
me
me
as
ur
es
Qu
as
i-
ex
pe
rim
en
t:
pr
e-
po
st
de
sig
n
ref
ug
ee
sf
ro
m
Bu
rm
a,
So
ma
lia
,A
fgh
an
ist
an
,
Ira
q,
an
dN
ep
al)
sp
ac
ei
nt
oa
rec
rea
tio
na
l
pa
rk
an
dc
om
mu
nit
y
ga
rd
en
.T
he
ne
w
pa
rk
ha
d
cle
arl
yd
efi
ne
d
rec
rea
tio
na
ls
pa
ce
s
inc
lud
ing
am
ult
ipu
rp
os
e
pla
yin
gfi
eld
;p
lay
gr
ou
nd
eq
uip
me
nt
;b
as
ke
tba
ll
co
ur
t;
be
nc
he
s,
al
arg
e
co
mm
un
ity
ga
rd
en
;a
wa
lki
ng
pa
th
alo
ng
sid
ea
cre
ek
us
ing
th
ep
ark
po
st-
int
erv
en
tio
n
(p
=
0.0
04
);
inc
rea
se
in
pr
op
or
tio
no
f
us
ers
en
ga
gin
gi
nm
od
era
te
(p
=
0.0
07
)o
rv
igo
ro
us
PA
(p
=
0.0
4)
.P
os
t-
int
erv
en
tio
n
av
era
ge
mo
nt
hly
vis
ito
rs
sig
inc
rea
sed
(p
=
0.0
02
)
Ju
ne
–O
cto
be
r2
01
0
an
da
ga
in
Ju
ne
–O
cto
be
r2
01
2
pe
rd
ay
,o
n
4d
ay
sp
er
mo
nt
h
inc
lud
ing
at
lea
st
1
we
ek
en
dd
ay
inc
lud
ing
no
n-p
ark
zo
ne
s(
i.e
.,
ad
jac
en
ts
tre
ets
,a
lle
ys
an
d
pa
rk
ing
lot
s)
an
dp
ark
zo
ne
s
Cr
an
ne
ye
ta
l.,
20
16
Qu
as
i-
ex
pe
rim
en
t:
pr
e-
po
st
tim
es
eri
es
de
sig
n
Su
bu
rb
an
are
a;
Ea
ste
rn
Sy
dn
ey
,
Au
str
ali
a
Be
ac
hs
ide
su
bu
rb
co
mp
ris
ing
rel
ati
ve
ly
hig
h
so
cio
ec
on
om
ic
sta
tu
sn
eig
hb
ou
rh
oo
ds
,
wi
th
so
me
po
ck
ets
of
dis
ad
va
nt
ag
ed
su
bu
rb
s
Ou
td
oo
rg
ym
ins
tal
led
(6
0,0
00
Au
s$
),
tar
ge
ted
ma
rk
eti
ng
an
d
pr
om
oti
on
al
str
ate
gie
st
o
en
ga
ge
old
er
ad
ult
sa
nd
ho
sti
ng
ex
erc
ise
ses
sio
ns
by
ap
ro
fes
sio
na
l.
Pa
rk
is
16
.08
ha
,p
icn
ic
sh
elt
ers
,
ba
rb
ec
ue
s,
dr
ink
ing
fou
nt
ain
s,
toi
let
sa
nd
ch
an
ge
fac
ili
tie
s,
as
ka
te
pa
rk
an
dc
hil
dr
en
's
pla
yg
ro
un
d
No
co
nt
ro
l
+
ve
:S
ma
llb
ut
sig
inc
rea
se
in
sen
ior
pa
rk
us
ers
en
ga
gin
gi
nM
VP
A
at
fol
low
-up
(1
.6
to
5.1
%;
p<
0.0
01
);
sig
inc
rea
ses
fro
m
ba
sel
ine
to
fol
low
-up
in
th
eo
ut
do
or
gy
m
are
af
or
MV
PA
(6
to
40
%;
p<
0.0
01
);
an
ds
en
ior
s'
us
e(
1.4
to
6%
;p
<
0.0
01
)
9d
ata
co
lle
cti
on
pe
rio
ds
:3
at
ba
sel
ine
,
3i
mm
ed
iat
ely
po
st-
ins
tal
lat
ion
an
d3
12
mo
nt
hs
fol
low
up
SO
PA
RC
4d
ay
s(
2
we
ek
da
ys
an
d2
we
ek
en
d
da
ys
)d
ur
ing
th
efi
rst
we
ek
of
ea
ch
da
ta
co
lle
cti
on
pe
rio
d;
4d
ata
co
lle
cti
on
sh
ift
se
ac
h
da
y
Int
erv
iew
sw
ith
pa
rk
us
ers
>
18
ye
ars
(d
em
og
rap
hic
s,
PA
,p
ark
us
e,
ou
td
oo
rg
ym
us
e(
po
st-
ins
tal
lat
ion
)).
En
vir
on
me
nt
al
au
dit
at
ba
sel
ine
an
df
oll
ow
-up
Sla
ter
et
al.
,2
01
6
Qu
as
i-
ex
pe
rim
en
tal
:
pr
os
pe
cti
ve
,
co
nt
ro
lle
d,
lon
git
ud
ina
l
de
sig
n
Ur
ba
na
rea
;C
hic
ag
o,
Ill
ino
is,
US
A
Pr
ed
om
ina
nt
ly
Af
ric
an
Am
eri
ca
n
an
dL
ati
no
ne
igh
bo
ur
ho
od
s;
ho
us
eh
old
inc
om
er
an
ge
US
$1
2,3
33
-U
S$
12
1,5
41
Pa
rk
ren
ov
ati
on
sa
nd
co
mm
un
ity
en
ga
ge
me
nt
(3
9i
nt
erv
en
tio
n
pa
rk
s)
Re
no
va
tio
ns
inv
olv
ed
rep
lac
ing
old
pla
yg
ro
un
d
eq
uip
me
nt
an
dg
ro
un
d
su
rfa
cin
g.
Me
an
pa
rk
siz
e
3.8
6s
qu
are
ac
res
(ra
ng
e
0.0
9–
40
.48
)
No
ren
ov
ati
on
sp
erf
or
me
d(
39
ma
tch
ed
co
nt
ro
lp
ark
s)
in
fir
st
ins
tan
ce
bu
tt
he
nb
y
sp
rin
g2
01
49
co
nt
ro
lp
ark
s
we
re
ex
po
sed
to
th
e
int
erv
en
tio
na
nd
ren
ov
ate
d
an
dw
ere
cla
ssi
fie
da
s
int
erv
en
tio
np
ark
sa
tf
oll
ow
up
.P
ark
sw
ere
ma
tch
ed
on
siz
e,
pr
ox
im
ity
,
ne
igh
bo
ur
ho
od
so
cio
ec
on
om
ic
sta
tu
s,
an
d
rac
e/
eth
nic
ity
+
ve
:S
ig
inc
rea
ses
be
tw
ee
n
ba
sel
ine
an
d1
2-m
on
th
fol
low
-up
for
pa
rk
ut
ili
za
tio
n
an
dt
he
nu
mb
er
of
pe
op
le
en
ga
ge
di
n
MV
PA
;i
nc
rea
se
in
pa
rk
ut
ili
za
tio
n
ov
er
tim
ei
n
int
erv
en
tio
n
pa
rk
s
co
mp
are
d
wi
th
co
nt
ro
l
Ba
sel
ine
(Ju
l-O
ct
20
13
)a
nd
fol
low
up
(Ju
l-O
ct
20
14
)
SO
PA
RC
:A
tb
as
eli
ne
1
we
ek
da
ya
nd
1w
ee
ke
nd
da
y;
At
fol
low
up
2
we
ek
da
ys
an
d1
we
ek
en
d
da
y;
4s
ca
ns
pe
rd
ay
Pa
rk
inc
ivi
lit
ies
;
ne
igh
bo
ur
ho
od
sa
fet
y,
we
ath
er,
dis
tan
ce
an
dp
ark
siz
e
Int
erv
en
tio
ns
no
te
mp
loy
ing
ad
ua
l-a
pp
ro
ac
h
(e.
g.
ch
an
ge
to
th
ep
hy
sic
al
en
vir
on
me
nt
on
ly)
(n
=
9)
Co
he
ne
ta
l.,
20
09
a
Qu
as
i-
ex
pe
rim
en
t:
co
nt
ro
lle
d,
pr
e-
po
st
de
sig
n
Ur
ba
na
rea
;L
os
An
ge
les
,C
ali
for
nia
,
US
A
Pr
ed
om
ina
nt
ly
La
tin
o
an
dA
fri
ca
n-A
me
ric
an
an
dl
ow
-in
co
me
ne
igh
bo
ur
ho
od
s(
me
an
31
%
of
ho
us
eh
old
si
n
po
ve
rty
)
5p
ark
su
nd
erw
en
tm
ajo
r
im
pr
ov
em
en
ts
inc
lud
ing
ne
w/
im
pr
ov
ed
gy
ms
,
pic
nic
are
as
,w
alk
ing
pa
th
s,
pla
yg
ro
un
ds
,
wa
ter
ing
an
dl
an
ds
ca
pin
g
(co
st:
>
$1
m
ea
ch
)
Pa
rk
sr
an
ge
df
ro
m
3.4
to
16
ac
res
(m
ea
n
8a
cre
s)
an
ds
erv
ed
an
av
era
ge
of
67
,00
0p
eo
ple
wi
th
in
a1
-
mi
le
rad
ius
.P
ark
s
Ea
ch
int
erv
en
tio
np
ark
ha
da
ma
tch
ed
co
nt
ro
lp
ark
(n
=
5)
of
sim
ila
rs
ize
,f
ea
tu
res
,
am
en
iti
es
an
ds
erv
ed
as
im
ila
r
po
pu
lat
ion
th
at
did
no
t
un
de
rg
oa
ny
im
pr
ov
em
en
ts
-ve
:O
ve
ral
lp
ark
us
ea
nd
PA
de
cli
ne
di
nb
oth
int
erv
en
tio
n
an
dc
on
tro
l
pa
rk
s
Ba
sel
ine
(D
ec
20
03
-
No
v2
00
4)
;f
oll
ow
-up
(A
pr
20
06
-M
ar
20
08
)
Fo
llo
w
up
me
as
ur
es
we
re
ini
tia
ted
at
lea
st
3m
on
th
sa
fte
r
co
ns
tru
cti
on
(ra
ng
e
3–
14
mo
nt
hs
po
st
co
ns
tru
cti
on
)
SO
PA
RC
:4
tim
ep
oin
ts
ov
er
7d
ay
s
Int
erc
ep
ts
ur
ve
ys
Int
erv
iew
sw
ith
res
ide
nt
s
wi
th
in
1–
2m
ile
sf
ro
m
ea
ch
pa
rk
:u
se
of
pa
rk
an
dP
A
lev
els (co
nti
nu
ed
on
ne
xt
pa
ge)
R.F. Hunter, et al. Environment International 130 (2019) 104923
6
Ta
bl
e1
(co
nti
nu
ed
)
Stu
dy
de
scr
ipt
or
Re
su
lts
Re
fer
en
ce
Stu
dy
de
sig
n
Ur
ba
na
rea
Po
pu
lat
ion
Int
erv
en
tio
n
Co
nt
ro
l
Ou
tco
me
Fo
llo
w-
up
(m
on
th
s)
Ou
tco
me
me
as
ur
es
co
nt
ain
ed
mu
lti
pu
rp
os
e
fie
lds
;p
lay
gr
ou
nd
s;
gy
mn
as
tic
sa
rea
s;
an
d
pic
nic
an
dl
aw
na
rea
s
Co
he
ne
ta
l.,
20
09
b
Qu
as
i-
ex
pe
rim
en
t:
co
nt
ro
lle
d,
pr
e-
po
st
de
sig
n
Ur
ba
na
rea
;L
os
An
ge
les
,C
ali
for
nia
,
US
A
Yo
ut
hs
an
ds
en
ior
sl
ivi
ng
wi
th
in
2m
ile
rad
ius
of
pa
rk
s;
10
.5%
ho
us
eh
old
s
in
po
ve
rty
;2
1%
res
ide
nt
s
ag
ed
>
60
ye
ars
;1
7.5
%
Hi
sp
an
ic
2p
ark
s(
48
–6
7a
cre
s)
un
de
rw
en
tr
en
ov
ati
on
s:
(1
)i
mp
ro
ve
me
nt
st
os
ka
te
pa
rk
su
rfa
ce
so
nly
(co
st
$3
.5
m)
(2
)i
mp
ro
ve
me
nt
st
o
en
tra
nc
e,
co
ur
tya
rd
are
as
an
dg
ym
na
siu
m
of
sen
ior
ce
nt
re
(co
st
$3
.3
m)
Co
nt
ro
ls
ka
te
pa
rk
an
d
co
nt
ro
ls
en
ior
ce
nt
re
th
at
did
no
th
av
ea
ny
im
pr
ov
em
en
ts
we
re
ch
os
en
ba
sed
on
ma
tch
ing
ne
igh
bo
ur
ho
od
ch
ara
cte
ris
tic
s(
de
mo
gr
ap
hic
s
an
de
co
no
mi
cd
ist
rib
ut
ion
)
an
dp
hy
sic
al
fea
tu
res
(si
ze
an
dt
yp
eo
ff
ac
ili
tie
s)
+
ve
:5
10
%
inc
rea
se
in
sk
ate
pa
rk
us
ec
om
pa
red
to
77
%
in
co
mp
ari
so
n
sk
ate
pa
rk
;
su
bs
tan
tia
lly
few
er
us
ers
of
sen
ior
ce
nt
re
Ba
sel
ine
an
df
oll
ow
-up
1–
3m
on
th
sf
oll
ow
ing
op
en
ing
of
ren
ov
ate
d
are
as
SO
PA
RC
:4
tim
ep
oin
ts
ov
er
7d
ay
s
Fa
ce
to
fac
ei
nt
erv
iew
s
wi
th
pa
rk
us
ers
an
d
res
ide
nt
s(
ag
e1
8+
)l
ivi
ng
wi
th
in
a2
-m
ile
rad
ius
of
pa
rk
;p
erc
ep
tio
no
fs
afe
ty;
pa
rk
pr
ox
im
ity
Qu
igg
et
al.
,2
01
1
Qu
as
i-
ex
pe
rim
en
t:
co
nt
ro
lle
d,
pr
e–
po
st
de
sig
n
Ur
ba
na
rea
;
Du
ne
din
,N
ew
Ze
ala
nd
n=
15
6C
hil
dr
en
ag
ed
5–
10
ye
ars
fro
m
th
el
oc
al
co
mm
un
ity
Up
gr
ad
e2
co
mm
un
ity
pla
yg
ro
un
ds
:1
)
pla
yg
ro
un
dh
ad
10
ne
w
co
mp
on
en
ts
ins
tal
led
,
inc
lud
ing
pla
ye
qu
ipm
en
t,
sea
tin
g,
ad
dit
ion
al
sa
fet
y
su
rfa
cin
g,
an
dw
as
te
fac
ili
tie
s;
2)
pla
yg
ro
un
d
ha
d2
ne
w
pla
ye
qu
ipm
en
t
pie
ce
si
ns
tal
led
Br
oa
dly
sim
ila
rc
om
mu
nit
y.
Fa
cto
rs
inc
lud
ed
:s
ch
oo
l
de
cil
e,
as
oc
ioe
co
no
mi
c
ind
ica
tor
;s
ize
of
sch
oo
lr
oll
;
nu
mb
er
of
pr
im
ary
sch
oo
ls
in
are
a;
loc
al
au
th
or
ity
's
as
sig
ne
da
nd
pu
bli
sh
ed
pla
y
va
lue
of
ex
ist
ing
pla
yg
ro
un
ds
;
tra
ns
po
rta
tio
nr
ou
tes
;
po
pu
lat
ion
ch
ara
cte
ris
tic
s;
ho
us
eh
old
inc
om
e;
ho
us
eh
old
ve
hic
le
ch
ara
cte
ris
tic
s;
po
ten
tia
lc
on
tro
lc
om
mu
nit
y
loc
ati
on
—
ph
ys
ica
ls
ep
ara
tio
n
fro
m
int
erv
en
tio
nc
om
mu
nit
y
-ve
:N
os
tat
ist
ica
lly
sig
diff
ere
nc
ei
n
tot
al
da
ily
PA
co
mp
are
d
wi
th
co
nt
ro
l
Oc
t-D
ec
20
07
an
d
fol
low
up
wa
s
co
mp
let
ed
Oc
t–D
ec
20
08
(Sp
rin
gi
nt
he
So
ut
he
rn
He
mi
sp
he
re)
Ac
tig
rap
ha
cc
ele
ro
me
ter
(p
rim
ary
ou
tco
me
:m
ea
n
tot
al
da
ily
PA
);
BM
I;
qu
est
ion
na
ire
(ch
ild
,
fam
ily
str
uc
tu
re
an
d
ne
igh
bo
ur
ho
od
sca
le)
Co
he
n
et
al.
,2
01
2
Qu
as
i-
ex
pe
rim
en
t:
co
nt
ro
lle
d,
pr
e-
po
st
de
sig
n
Ur
ba
na
rea
;L
os
An
ge
les
,C
ali
for
nia
,
US
A
Re
sid
en
ts
wi
th
in
1m
ile
rad
ius
of
int
erv
en
tio
n
pa
rk
s(
me
an
29
%
of
ho
us
eh
old
si
np
ov
ert
y,
59
%
La
tin
op
op
ula
tio
n)
12
pa
rk
si
nv
olv
ing
ins
tal
lat
ion
of
Fa
mi
ly
Fit
ne
ss
zo
ne
s(
ou
td
oo
r
gy
ms
),
8p
iec
es
of
eq
uip
me
nt
at
ea
ch
pa
rk
(av
era
ge
co
st
$4
5,0
00
for
ea
ch
pa
rk
)
Me
an
pa
rk
siz
e1
4.4
ac
res
(ra
ng
e,
1–
29
ac
res
);
ser
ve
d
an
av
era
ge
of
40
,96
4
ind
ivi
du
als
wi
th
in
1-m
ile
rad
ius
10
ma
tch
ed
co
nt
ro
lp
ark
st
ha
t
did
no
ti
ns
tal
lF
am
ily
Fit
ne
ss
zo
ne
s
Me
an
pa
rk
siz
e1
2.4
ac
res
(ra
ng
e0
.5–
46
ac
res
);
ser
ve
d
an
av
era
ge
of
33
,22
6
ind
ivi
du
als
in
a1
-m
ile
rad
ius
-ve
:N
on
-si
gi
nc
rea
se
in
pa
rk
us
ag
e(
11
%
in
int
erv
en
tio
n
pa
rk
s
co
mp
are
d
to
co
nt
ro
lp
ark
s)
Ba
sel
ine
(w
int
er
of
20
08
–2
00
9)
;1
st
fol
low
-up
1y
ea
rl
ate
r
du
rin
gw
int
er
20
09
–2
01
0;
2n
d
fol
low
-up
af
ew
mo
nt
hs
th
ere
aft
er
(Sp
rin
g2
01
0)
SO
PA
RC
3t
im
es
pe
rd
ay
for
4d
ay
s
Int
erc
ep
ts
ur
ve
y:
us
eo
f
pa
rk
,u
se
of
fit
ne
ss
eq
uip
me
nt
,p
erc
ep
tio
ns
of
pa
rk
,d
ist
an
ce
tra
ve
lle
dt
o
pa
rk
Ve
itc
h
et
al.
,2
01
2
Qu
as
i-
ex
pe
rim
en
t:
co
nt
ro
lle
d,
pr
e-
po
st
de
sig
n
Ur
ba
na
rea
;V
ict
or
ia,
Au
str
ali
a
Mo
st
dis
ad
va
nt
ag
ed
de
cil
ei
ns
tat
eo
fV
ict
or
ia
1p
ark
(si
ze
25
,20
0m
2 ):
inv
olv
ing
est
ab
lis
hm
en
to
f
af
en
ce
dl
ea
sh
-fr
ee
are
af
or
do
gs
(1
2,8
00
m2
);
an
all
-
ab
ili
tie
sp
lay
gr
ou
nd
;a
36
5m
wa
lki
ng
tra
ck
;B
BQ
are
a;
lan
ds
ca
pin
g;
fen
cin
g
to
pr
ev
en
tm
oto
rv
eh
icl
e
ac
ce
ss
to
th
ep
ark
1m
atc
he
dc
on
tro
lp
ark
(si
ze
10
,00
0m
2 )
loc
ate
di
n
sa
me
ne
igh
bo
ur
ho
od
as
int
erv
en
tio
np
ark
an
dh
av
ing
sim
ila
rf
ea
tu
res
at
ba
sel
ine
+
ve
:S
ig.
inc
rea
se
fro
m
pr
e
to
po
st-
im
pr
ov
em
en
ti
n
nu
mb
er
of
pa
rk
us
ers
for
int
erv
en
tio
n
pa
rk
(T
1=
23
5,
T3
=
98
5)
an
d
nu
mb
er
of
pe
op
le
wa
lki
ng
(T
1=
15
5,
T3
=
36
9)
an
d
be
ing
vig
or
ou
sly
ac
tiv
e
(T
1=
38
,T
3=
25
7)
Ba
sel
ine
(A
ug
-Se
pt
20
09
),
im
me
dia
tel
y
fol
low
ing
pa
rk
im
pr
ov
em
en
t(
Ma
r-
Ap
r2
01
0)
an
d
12
mo
nt
hs
aft
er
ba
sel
ine
(A
ug
-Se
pt
20
10
)
SO
PA
RC
:7
tim
es
ea
ch
da
y
on
9d
ay
s(
ov
er
4w
ee
ks
)
Bo
hn
-G
old
ha
um
et
al.
,2
01
3
Qu
as
i-
ex
pe
rim
en
t:
co
nt
ro
lle
d,
pr
e-
po
st
de
sig
n
Ur
ba
na
rea
;S
yd
ne
y,
Au
str
ali
a
2–
12
ye
ar
old
sa
nd
th
eir
pa
ren
ts
or
ca
re
giv
ers
;
low
so
cio
ec
on
om
ic
ne
igh
bo
ur
ho
od
1p
ark
un
de
rw
en
t
ren
ov
ati
on
s:
ne
w
ch
ild
ren
's
pla
ye
qu
ipm
en
t,
up
gr
ad
ing
pa
th
s,
ad
din
gn
ew
Co
nt
ro
lp
ark
of
as
im
ila
rs
ize
an
dt
yp
ew
hic
h
did
no
t
un
de
rg
oa
ny
im
pr
ov
em
en
ts
-ve
:N
os
ig.
Di
ffe
ren
ce
be
tw
ee
n
pa
rk
sf
or
us
ag
eo
r
th
en
um
be
ro
fc
hil
dr
en
en
ga
gin
gi
nM
VP
A
at
Ba
sel
ine
(M
ay
20
07
)
an
df
oll
ow
up
9m
on
th
sa
fte
rt
he
up
gr
ad
e(
Ma
y2
00
9)
SO
PA
RC
:3
tim
ep
oin
ts
ov
er
14
da
ys
Int
erc
ep
ts
ur
ve
ys
wi
th
pa
rk
(co
nti
nu
ed
on
ne
xt
pa
ge)
R.F. Hunter, et al. Environment International 130 (2019) 104923
7
Ta
bl
e1
(co
nti
nu
ed
)
Stu
dy
de
scr
ipt
or
Re
su
lts
Re
fer
en
ce
Stu
dy
de
sig
n
Ur
ba
na
rea
Po
pu
lat
ion
Int
erv
en
tio
n
Co
nt
ro
l
Ou
tco
me
Fo
llo
w-
up
(m
on
th
s)
Ou
tco
me
me
as
ur
es
gr
ee
ne
ry
,l
igh
tin
ga
nd
fac
ili
tie
s(
e.g
.,p
ark
fur
nit
ur
e),
gr
ee
ns
pa
ce
wa
s
cre
ate
db
yo
pe
nin
gt
he
ad
jac
en
ts
po
rts
fie
ld
to
pu
bli
cu
se
fol
low
up
.I
n
th
e
int
erv
en
tio
n
pa
rk
th
e
nu
mb
er
of
gir
ls
en
ga
gin
gi
n
MV
PA
sig
nifi
ca
nt
ly
de
cre
as
ed
(p
=
0.0
4)
be
tw
ee
n
ba
sel
ine
an
d
fol
low
up
us
ers
wh
ow
ere
ac
co
mp
an
ied
wi
th
ac
hil
d
un
de
r1
3y
ea
rs
(d
em
og
rap
hic
s,
pa
rk
us
ag
e
&
PA
be
ha
vio
ur
)
Co
he
n
et
al.
,2
01
4
Qu
as
i-
ex
pe
rim
en
t:
po
st
da
ta
on
ly
Ur
ba
na
rea
s;
Lo
s
An
ge
les
,C
ali
for
nia
,
US
A
Re
sid
en
ts
liv
ing
wi
th
in
0.5
mi
le
rad
ius
of
pa
rk
s
30
–4
1%
ho
us
eh
old
po
ve
rty
;m
ino
rit
y
po
pu
lat
ion
s(
70
–8
0%
La
tin
o,
3–
17
%
Af
ric
an
-
Am
eri
ca
n,
0–
16
%
As
ian
)
Cr
ea
tio
n
of
3p
oc
ke
tp
ark
s
(0
.15
–0
.32
ac
res
)f
ro
m
va
ca
nt
lot
sa
nd
un
de
sir
ab
le
ur
ba
np
arc
els
;p
lay
gr
ou
nd
eq
uip
me
nt
an
db
en
ch
es
ins
tal
led
,w
alk
ing
pa
th
de
ve
lop
ed
aro
un
dt
he
pe
rim
ete
r,
all
fen
ce
da
nd
en
clo
sed
by
loc
ka
ble
ga
tes
(av
era
ge
co
st
$1
m
fun
de
d
by
loc
al
no
n-p
ro
fit
gr
ou
ps
)
15
pla
yg
ro
un
da
rea
si
n
ne
igh
bo
ur
ho
od
pa
rk
s(
15
–5
0
tim
es
lar
ge
rt
ha
n
po
ck
et
pa
rk
s)
ma
tch
ed
to
ea
ch
po
ck
et
pa
rk
by
%
of
ho
us
eh
old
si
n
po
ve
rty
-ve
:P
oc
ke
tp
ark
sw
ere
us
ed
as
fre
qu
en
tly
or
mo
re
oft
en
th
an
pla
yg
ro
un
da
rea
si
n
ne
igh
bo
ur
ho
od
pa
rk
s.
Ho
we
ve
r,
th
ey
we
re
va
ca
nt
du
rin
gt
he
ma
jor
ity
of
ob
ser
va
tio
ns
Ba
sel
ine
(Ju
l-A
ug
20
06
)a
nd
fol
low
-up
(Ju
l-A
ug
20
08
)a
nd
co
mp
ari
so
n
pa
rk
si
n
20
08
–2
00
9
SO
PA
RC
:4
tim
es
pe
rd
ay
ov
er
7d
ay
s
Su
rv
ey
ed
pa
rk
us
ers
an
d
res
ide
nt
sa
bo
ut
pa
rk
us
e
Ra
nd
om
sa
mp
le
of
ho
us
eh
old
ad
dr
ess
es
(n
=
39
2p
re;
n=
43
2
po
st)
wi
th
in
0.2
5m
ile
so
f
po
ck
et
pa
rk
an
da
no
th
er
be
tw
ee
n0
.25
an
d0
.5
mi
les
of
th
ep
ark
wa
ss
ele
cte
d,
fie
ld
sta
ff
we
nt
do
or
to
do
or
to
co
nd
uc
tt
he
su
rv
ey
s(
ad
ult
s1
8+
yr
s)
Pe
sch
ard
ta
nd
Sti
gs
do
tte
r,
20
14
Na
tu
ral
ex
pe
rim
en
t:
pr
e-
po
st
de
sig
n
Ur
ba
na
rea
;
Co
pe
nh
ag
en
,
De
nm
ark
52
%
ma
le;
88
%
Da
nis
h;
21
%
<
10
ye
ars
ed
uc
ati
on
;
10
%
>
65
ye
ars
A
po
ck
et
pa
rk
(9
32
m2
)i
na
de
ns
eu
rb
an
are
aw
as
red
esi
gn
ed
to
inc
rea
se
sea
tin
ga
rea
sa
nd
wa
lki
ng
tra
ils
No
co
nt
ro
l
-ve
:N
os
ig
ch
an
ge
in
nu
mb
er
of
pa
rk
us
ers
bu
t
de
mo
gr
ap
hic
so
fp
ark
us
ers
ch
an
ge
ds
lig
ht
ly
wi
th
mo
re
me
n,
pe
op
le
ag
ed
15
–2
9
an
dm
or
ee
du
ca
ted
pe
op
le
us
ing
th
ep
ark
Ba
sel
ine
(A
pr
-O
ct
20
11
)a
nd
aft
er
red
esi
gn
(M
ay
-A
ug
20
12
)
Qu
est
ion
na
ire
s(
be
for
e
n=
48
,a
fte
rn
=
45
)a
nd
int
erv
iew
s(
aft
er
n=
6)
wi
th
pa
rk
us
ers
co
lle
cti
ng
da
ta
on
pa
rk
us
e(
rea
so
ns
for
vis
iti
ng
an
df
req
ue
nc
y)
an
dp
erc
ep
tio
ns
of
red
esi
gn
Dr
oo
me
rs
et
al.
,
20
15
;G
ub
be
ls
et
al.
,2
01
6;
Qu
as
i-
ex
pe
rim
en
t:
co
nt
ro
lle
d,
pr
e-
po
st
de
sig
n
Ur
ba
na
rea
s;
24
mo
st
de
pr
ive
d
ne
igh
bo
ur
ho
od
s,
Ne
th
erl
an
ds
Ad
ole
sce
nt
s
(1
2–
15
ye
ars
)a
nd
ad
ult
s
in
sev
ere
ly
de
pr
ive
d
ne
igh
bo
ur
ho
od
s
Dr
oo
me
rs
et
al.
(2
01
5)
:
48
13
2l
oc
al
res
ide
nt
s
Gu
bb
els
et
al.
(2
01
6)
:
n=
40
1A
do
les
ce
nt
s
(1
2–
15
ye
ars
)a
nd
n=
45
4a
du
lts
Du
tch
Di
str
ict
Ap
pr
oa
ch
(5
mi
llio
ne
ur
os
):
ne
w
pu
bli
c
pa
rk
sr
ep
lac
ing
va
ca
nt
lan
d(
n=
9)
,r
efu
rb
ish
ing
ex
ist
ing
pa
rk
s(
n=
9)
,
n=
6i
mp
ro
vin
gp
ath
s,
dr
ain
ag
e,
lan
ds
ca
pin
g,
pla
nt
ing
flo
we
rb
ulb
si
n
fro
nt
ya
rd
s;
co
ns
tru
cti
ng
wa
ll
ga
rd
en
s;
gr
ee
nin
g
str
ee
ts,
de
ve
lop
ing
a
gr
ee
nw
ay
Va
rio
us
co
nt
ro
la
rea
ss
im
ila
r
wi
th
reg
ard
to
liv
ing
cir
cu
ms
tan
ce
s,
ph
ys
ica
la
nd
so
cia
ln
eig
hb
ou
rh
oo
d
ch
ara
cte
ris
tic
sa
nd
sa
fet
y
-ve
:D
ro
om
ers
et
al.
(2
01
5)
:
Int
erv
en
tio
n
are
as
did
no
t
sh
ow
an
inc
rea
se
in
PA
an
d
ge
ne
ral
he
alt
hc
om
pa
red
to
th
ed
iff
ere
nt
gr
ou
ps
of
co
nt
ro
la
rea
sf
or
ad
ult
s
Gu
bb
els
:L
eis
ur
et
im
e
wa
lki
ng
(d
ec
rea
se
89
.2
mi
ns
pe
rw
ee
k)
an
dc
yc
lin
g
(d
ec
rea
se
62
.7
mi
np
er
we
ek
)s
ign
ifi
ca
nt
ly
de
cre
as
ed
an
dd
ep
res
siv
e
sy
mp
tom
ss
ign
ifi
ca
nt
ly
inc
rea
sed
in
ad
ole
sce
nt
s
Re
pe
ate
dc
ro
ss-
sec
tio
na
ld
ata
co
lle
cte
d2
00
4–
20
11
as
pa
rt
of
th
eD
ut
ch
Na
tio
na
lH
ea
lth
Int
erv
iew
Su
rv
ey
an
d
oth
er
pu
bli
cly
av
ail
ab
le
da
ta
Dr
oo
me
rs
et
al.
(2
01
5)
:P
A
(SQ
UA
SH
qu
est
ion
na
ire
);
sin
gle
ite
m
sel
f-r
ep
or
ted
ge
ne
ral
he
alt
h
Gu
bb
els
et
al.
(2
01
6)
:
pe
rce
ive
dg
ree
ne
ry
(N
EW
S);
PA
(SQ
UA
SH
);
de
pr
ess
ive
sy
mp
tom
s(
CE
S-
D)
;p
erc
ep
tio
ns
of
gr
ee
ne
ry
im
pr
ov
em
en
ta
nd
us
e
BM
I=
Bo
dy
ma
ss
ind
ex
;C
ES
-D
:C
en
tre
for
Ep
ide
mi
olo
gic
Stu
die
sD
ep
res
sio
nS
ca
le;
ME
T=
Me
tab
oli
cE
qu
iva
len
to
fT
as
k(
ap
hy
sio
log
ica
lm
ea
su
re
ex
pr
ess
ing
th
ee
ne
rg
yc
os
to
fp
hy
sic
al
ac
tiv
iti
es
an
di
sd
efi
ne
da
st
he
rat
io
of
me
tab
oli
c
rat
e
du
rin
g
a
sp
ec
ifi
cp
hy
sic
al
ac
tiv
ity
to
a
ref
ere
nc
e
me
tab
oli
cr
ate
);
MV
PA
=
Mo
de
rat
e-v
igo
ro
us
ph
ys
ica
la
cti
vit
y;
NE
W
S:
Ne
igh
bo
ur
ho
od
En
vir
on
me
nt
W
alk
ab
ili
ty
Su
rv
ey
;P
A=
ph
ys
ica
la
cti
vit
y;
RC
T=
Ra
nd
om
ize
d
Co
nt
ro
lT
ria
l;
SO
PA
RC
=
Sy
ste
ms
for
Ob
ser
vin
gP
lay
an
d
Re
cre
ati
on
in
Co
mm
un
iti
es;
SQ
UA
SH
:T
he
Sh
or
tQ
ue
sti
on
na
ire
to
As
ses
sH
ea
lth
;U
SA
=
Un
ite
d
Sta
tes
of
Am
eri
ca
;+
ve
=
po
sit
ive
int
er-
ve
nt
ion
eff
ec
t(
sta
tis
tic
all
ys
ign
ifi
ca
nt
);
−
ve
=
no
int
erv
en
tio
ne
ffe
ct.
R.F. Hunter, et al. Environment International 130 (2019) 104923
8
Ta
bl
e2
Su
mm
ary
ch
ara
cte
ris
tic
so
fg
ree
nw
ay
an
dt
ria
li
nt
erv
en
tio
ns
.
Stu
dy
de
scr
ipt
or
Re
su
lts
Re
fer
en
ce
Stu
dy
de
sig
n
Co
un
try
Po
pu
lat
ion
Int
erv
en
tio
n
Co
nt
ro
l
Ou
tco
me
Fo
llo
w-
up
(m
on
th
s)
Ou
tco
me
me
as
ur
es
Int
erv
en
tio
ns
em
plo
yin
ga
du
al-
ap
pr
oa
ch
(i.
e.
inv
olv
ing
ap
hy
sic
al
ch
an
ge
to
gr
ee
nw
ay
/tr
ail
an
dp
ro
mo
tio
n/
ma
rk
eti
ng
pr
og
ram
me
)(
n=
3)
Fit
zh
ug
h
et
al.
,
20
10
Qu
as
i-
ex
pe
rim
en
t:
co
nt
ro
lle
d,
pr
e-
po
st
de
sig
n
Ur
ba
na
rea
;
Te
nn
ess
ee
,U
SA
Ch
ild
ren
,a
do
les
ce
nt
s
an
da
du
lts
in
ne
igh
bo
ur
ho
od
(1
0.9
%
eld
erl
y(
ag
ed
≥
65
ye
ars
);
17
.7%
eth
nic
mi
no
rit
y;
32
.2%
liv
ing
in
po
ve
rty
)
Re
tro
fit
of
an
ur
ba
n
gr
ee
nw
ay
(2
.9
mi
les
lon
g;
8-
ft
wi
de
)t
oe
nh
an
ce
co
nn
ec
tiv
ity
of
pe
de
str
ian
inf
ras
tru
ctu
re
wi
th
ne
arb
y
ret
ail
est
ab
lis
hm
en
ts
an
d
sch
oo
ls
(co
st:
$2
.1
m)
2c
on
tro
l
ne
igh
bo
ur
ho
od
sw
ith
sim
ila
rs
oc
ioe
co
no
mi
c
dim
en
sio
ns
+
ve
:P
re
an
dp
os
t
int
erv
en
tio
nc
ha
ng
es
be
tw
ee
ne
xp
eri
me
nt
al
an
d
co
nt
ro
ln
eig
hb
ou
rh
oo
ds
we
re
sig
diff
ere
nt
for
tot
al
PA
(p
=
0.0
01
);
wa
lki
ng
(p
=
0.0
01
)a
nd
cy
cli
ng
(p
=
0.0
38
).
Th
ere
wa
sn
os
ig
ch
an
ge
ov
er
tim
ef
or
ac
tiv
et
ran
sp
or
tt
o
sch
oo
l
Ba
sel
ine
(M
ar
20
05
)a
nd
fol
low
-up
(M
ar
20
07
)
14
mo
nt
hs
aft
er
co
ns
tru
cti
on
wa
s
co
mp
let
ed
Pe
de
str
ian
co
un
ts
ur
ve
ys
at
sch
oo
la
nd
ne
igh
bo
ur
ho
od
are
as
(2
h
on
2d
ay
s)
for
1-
we
ek
at
ba
sel
ine
an
df
oll
ow
-
up
Br
an
de
ta
l.,
20
14
;
Sa
hlq
vis
te
ta
l.,
20
13
;B
ird
et
al.
,2
01
4;
Go
od
ma
ne
ta
l.,
20
14
Qu
as
i-
ex
pe
rim
en
tal
,
lon
git
ud
ina
l
de
sig
n
Ur
ba
na
nd
Su
bu
rb
an
are
as
;C
ard
iff
(W
ale
s),
Ke
nil
wo
rth
an
dS
ou
th
am
pto
n
(E
ng
lan
d)
,U
nit
ed
Ki
ng
do
m
n=
17
96
ad
ult
sl
ivi
ng
wi
th
in
5k
m
of
th
ec
or
e
Co
nn
ec
t2
inf
ras
tru
ctu
re
Bu
ild
ing
or
im
pr
ov
em
en
to
f
wa
lki
ng
an
dc
yc
lin
gr
ou
tes
ac
ro
ss
th
eU
nit
ed
Ki
ng
do
m
inc
lud
ing
at
raffi
c-f
ree
br
idg
e
ov
er
Ca
rd
iff
Ba
y;
at
raffi
c-
fre
eb
rid
ge
ov
er
ab
us
yt
ru
nk
ro
ad
;a
ni
nfo
rm
al
riv
ers
ide
foo
tpa
th
tu
rn
ed
int
oa
bo
ard
wa
lk
Pr
e-s
pe
cifi
ed
int
erv
en
tio
ne
xp
os
ur
e
to
th
ei
nt
erv
en
tio
ns
sit
es
wi
th
les
se
xp
os
ed
pe
op
le
liv
ing
far
th
er
aw
ay
an
da
cti
ng
as
ac
om
pa
ris
on
gr
ou
pf
or
th
em
or
ee
xp
os
ed
pe
op
le
liv
ing
clo
ser
to
int
erv
en
tio
ns
ite
s
+
ve
:P
ro
xim
ity
to
Co
nn
ec
t2
inf
ras
tru
ctu
re
as
so
cia
ted
wi
th
gr
ea
ter
us
eo
fC
on
ne
ct2
inf
ras
tru
ctu
re;
32
%
rep
or
ted
us
ing
Co
nn
ec
t2
inf
ras
tru
ctu
re
at
1y
ea
ra
nd
38
%
at
2y
ea
rs;
at
2y
ea
rs,
th
os
en
ea
rer
th
ei
nt
erv
en
tio
n
dis
pla
ye
ds
ig
inc
rea
sed
wa
lki
ng
an
dc
yc
lin
g(
15
.3
mi
ns
/w
ee
k/
km
)a
nd
tot
al
PA
(1
2.5
mi
ns
/w
ee
k/
km
)
Ba
sel
ine
su
rv
ey
s(
Ap
r
20
10
);
1a
nd
2y
ea
r
fol
low
-up
su
rv
ey
s(
Ap
r
20
11
;A
pr
20
12
)
Ba
sel
ine
su
rv
ey
:
de
mo
gr
ap
hic
,
so
cio
ec
on
om
ic
an
dh
ea
lth
ch
ara
cte
ris
tic
s
Fo
llo
w-
up
su
rv
ey
s:
us
eo
f
Co
nn
ec
t2
pr
oje
ct,
wa
lki
ng
or
cy
cli
ng
on
Co
nn
ec
t2
inf
ras
tru
ctu
re
for
rec
rea
tio
n,
he
alt
h,
or
fit
ne
ss;
pa
st-
we
ek
wa
lki
ng
an
dc
yc
lin
gf
or
tra
ns
po
rt;
pa
st
we
ek
rec
rea
tio
na
lP
A
us
ing
ad
ap
ted
sh
or
tv
ers
ion
of
IP
AQ
Cl
ark
et
al.
,2
01
4
Qu
as
i-
ex
pe
rim
en
t:
co
nt
ro
lle
d,
pr
e-
po
st
de
sig
n
Ur
ba
na
rea
;
So
ut
he
rn
Ne
va
da
,
US
A
2o
ft
he
tra
ils
(co
mm
ut
er
tra
ils
)w
ere
in
low
er
SE
S
ne
igh
bo
ur
ho
od
s
6i
nt
erv
en
tio
nt
rai
ls:
aft
er
a
ma
rk
eti
ng
ca
mp
aig
n
pr
om
oti
ng
PA
an
dt
rai
lu
se
(2
01
2)
,s
ign
ag
ew
as
ad
de
d/
alt
ere
di
nc
lud
ing
:d
ist
an
ce
ma
rk
ing
s,
wa
y-fi
nd
ing
sig
ns
,
tra
il
ma
ps
,t
rai
ln
am
es,
an
d
ico
ns
for
ac
ce
pta
ble
us
es
Co
mp
ari
so
nt
rai
ls
ma
tch
ed
on
len
gth
,
tra
il
en
vir
on
me
nt
,
am
en
iti
es,
an
d
ne
igh
bo
ur
ho
od
de
mo
gr
ap
hic
sa
s
clo
sel
ya
sp
os
sib
le
Me
an
len
gth
of
tra
ils
3.9
6m
ile
s(
ran
ge
0.9
–8
.7
mi
les
);
70
%
we
re
lit
;7
0%
ha
d
lan
ds
ca
pin
g
+
ve
:S
ig
inc
rea
ses
for
bo
th
co
nt
ro
la
nd
int
erv
en
tio
n,
pr
e–
po
st
for
tra
il
us
ag
ep
er
da
y;
31
%
inc
rea
se
for
th
e
co
nt
ro
ltr
ail
sa
nd
35
%
for
th
e
int
erv
en
tio
nt
rai
ls
(p
<
0.0
1)
;n
on
-si
g
diff
ere
nc
eb
etw
ee
nt
he
int
erv
en
tio
na
nd
co
nt
ro
l
gr
ou
p(
p=
0.3
2)
Ba
sel
ine
(F
all
20
11
),
mi
d-i
nt
erv
en
tio
n
(Sp
rin
g2
01
2)
,p
os
t-
int
erv
en
tio
n
(F
all
20
12
)
Inf
rar
ed
sen
so
rs
on
ea
ch
tra
il
ac
ce
ss
po
int
(h
ou
rly
tot
als
)
Int
erv
en
tio
ns
no
te
mp
loy
ing
ad
ua
l-a
pp
ro
ac
h
(e.
g.
am
ark
eti
ng
pr
og
ram
me
wi
th
no
ch
an
ge
to
th
ep
hy
sic
al
en
vir
on
me
nt
)(
n=
3)
Ev
en
so
ne
ta
l.,
20
05
Qu
as
i-
ex
pe
rim
en
tal
:
pr
e-p
os
td
esi
gn
Ur
ba
na
rea
;N
or
th
Ca
ro
lin
a,
US
A
Ad
ult
sa
ge
d
>
18
ye
ars
liv
ing
wi
th
in
2m
ile
so
f
th
et
rai
l;
ap
pr
ox
.6
6%
fem
ale
s;
33
%
no
n-
Hi
sp
an
ic
bla
ck
A
rai
lw
ay
wa
sc
on
ve
rte
dt
oa
mu
lti
us
et
rai
l
Tr
ail
2.8
mi
les
(o
f2
3m
ile
tra
il;
tra
il
pa
sse
db
y2
sch
oo
ls,
sh
op
pin
ga
rea
s,
ap
art
me
nt
bu
ild
ing
sa
nd
ne
igh
bo
ur
ho
od
s)
No
co
nt
ro
l
-ve
:T
ho
se
wh
oh
ad
ne
ve
r
us
ed
th
et
rai
lh
ad
sig
de
cli
ne
s
in
me
dia
n
tim
es
pe
nt
in
MV
PA
,v
igo
ro
us
PA
an
d
bic
yc
lin
gf
or
tra
ns
po
rt.
Th
os
e
wh
oh
ad
us
ed
th
et
rai
la
lso
ha
ds
ig
de
cli
ne
si
n
me
dia
n
tim
es
pe
nt
in
vig
or
ou
sP
A
Ba
sel
ine
(Ju
l2
00
0-A
pr
20
01
)a
nd
fol
low
up
(N
ov
20
02
)
Te
lep
ho
ne
su
rv
ey
:B
RF
SS
(le
isu
re
ac
tiv
ity
,w
alk
ing
an
db
icy
cli
ng
,M
VP
A)
;
tra
ns
po
rta
tio
na
cti
vit
y;
tra
il
us
e;
tra
il
an
d
ne
igh
bo
ur
ho
od
ch
ara
cte
ris
tic
s;
ne
igh
bo
ur
ho
od
sa
fet
y;
ge
ne
ral
he
alt
h;
BM
I
Bu
rb
idg
ea
nd
Go
uli
as
,2
00
9
Qu
as
i-
ex
pe
rim
en
t:
Su
bu
rb
an
are
a;
Ut
ah
,
US
A
N
=
29
0h
ou
seh
old
s/7
96
ind
ivi
du
als
res
idi
ng
ne
ar
th
en
ew
tra
il
Co
ns
tru
cti
on
of
at
rai
l(
2-w
ay
mu
lti
us
et
rai
ls
ep
ara
ted
fro
m
ex
ist
ing
ro
ad
sa
nd
sid
ew
alk
s)
No
co
nt
ro
l
-ve
:N
eg
ati
ve
sig
eff
ec
to
nP
A
an
dw
alk
ing
be
tw
ee
n
ba
sel
ine
an
df
oll
ow
-up
;
Ba
sel
ine
su
rv
ey
(O
ct
20
07
);
3a
cti
vit
yd
iar
ies
(F
eb
20
07
pr
ior
to
Ho
us
eh
old
Su
rv
ey
(d
em
og
rap
hic
s,
lif
est
yle
an
d
tra
ve
lp
ref
ere
nc
es)
;3
(co
nti
nu
ed
on
ne
xt
pa
ge)
R.F. Hunter, et al. Environment International 130 (2019) 104923
9
that are relevant to policymakers and practitioners.
3. Results
Initially, 6997 studies were identified through the database search,
224 full-text articles screened, and 38 studies included in the evidence
review (Appendix D). Percentage agreement between researchers
(89.2%) and inter-rater agreement for title/abstract and full-text
screening (Cohen's Kappa= 0.81) was good.
Physical UGS interventions are often complex and multi-faceted
with four intervention approaches emerging from the review, namely:
1) Park-based; 2) Greenways/trails; 3) Greening; and 4) Green built
features. Tables 1–4 present a summary of the key characteristics and
findings of the studies for each intervention approach. Of the 38 stu-
dies, sixteen were park-based interventions, six involved the develop-
ment or improvement of urban greenways or walking/cycling trails,
eight focussed on urban greening, and seven involved built green fea-
tures (e.g. rain gardens, green roofs) for storm water management with
a further study examining the effects of green roofs for cooling a sub-
urban area. No studies investigating green wall-based interventions met
the pre-defined eligibility criteria.
The majority of the studies were natural experiments employing a
quasi-experiment, controlled pre-post design (n=21), uncontrolled
pre-post design (n=6) or controlled post-design (n=8). Studies were
mainly implemented in high-income countries including the United
States of America (USA) (n=22), Australia (n=4), and the United
Kingdom (UK) (n=3). Due to the limited number of follow-up periods,
it was not possible to provide a rigorous assessment of the longer-term
effectiveness of UGS interventions much beyond 12months. Of the
limited number of studies that did include follow-up periods beyond
12months, there was a trend towards positive benefits (e.g. Goodman
et al., 2014 showed positive outcomes at 2 years).
3.1. Evidence synthesis
Overall, 68% (26/38) of studies found a significant positive inter-
vention effect to support the provision of UGS interventions for health,
wellbeing, social and environmental effects. Quality appraisal (de-
scribed in 3.1.5) indicated that studies were generally of moderate to
good quality, although half of the studies scored ≤7 out of 11.
3.1.1. Park-based interventions (Table 1)
All studies of park-based interventions (7/7 studies) that used a dual
approach (i.e. physical change to UGS and promotion/marketing pro-
grammes) showed a significant intervention effect. These findings were
particularly evident for health benefits delivered through increasing
park use and physical activity behaviour.
Five of these seven studies showed a significantly positive post-in-
tervention effect for increasing park usage and physical activity fol-
lowing: major improvements to the playing fields of public parks
(Tester and Baker, 2009); provision of signage (Cohen et al., 2013);
development of a new recreational park and community garden from
undeveloped existing green space (King et al., 2015); replacement of
old playground equipment and ground surfacing (Slater et al., 2016);
and installation of an outdoor gym (Cranney et al., 2016). A further
study showed a positive intervention effect for increasing physical ac-
tivity following provision of signage (NSW Department of Health,
2002). The final study reported positive effects for increasing park
usage, quality of life and the perception of safety following improved
footpaths and clearing of rubbish and vandalism (Ward Thompson
et al., 2013). Promotional programmes/events included training and
skills development for park staff (Tester and Baker, 2009), publicity and
organization of group activities to encourage use (Ward Thompson
et al., 2013), and extensive community engagement activities to en-
courage and promote park usage (Slater et al., 2016), advertisements,
walking maps, and the establishment of walking groups (NSWTa
bl
e2
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Department of Health, 2002). In one study, the social activities were
particularly focussed on engaging older adults through hosting exercise
sessions and targeted marketing and promotional strategies (Cranney
et al., 2016). One study included a broad range of soft measures in-
cluding $4000 to spend on park programs which included signage (e.g.,
banners, walking path signs), promotional incentives (e.g., water bot-
tles, park-branded key chains, individually targeted e-mails), and out-
reach activities (e.g., hiring community engagement officers, buying
activity materials) (Cohen et al., 2013).
In contrast, where park-based interventions only involved a physical
change to the green space 22% (2/9 studies) of studies showed a sig-
nificant intervention effect for increases in physical activity, park usage
and perceptions of safety. These two studies involved improvements to
a skate park and green space surrounding a centre for older adults
(Cohen et al., 2009b) and major improvements to a park involving a
fenced dog area, playground, walking track, landscaping and fencing
(Veitch et al., 2012).
Seven studies showed no significant positive impact on physical
activity, park usage or general health for UGS interventions involving
change to the physical environment only (Cohen et al., 2009a; Quigg
et al., 2011; Cohen et al., 2012; Bohn-Goldhaum et al., 2013; Cohen
et al., 2014; Peschardt and Stigsdotter, 2014; Droomers et al., 2015;
Gubbels et al., 2016). Indeed, one study found that park use and phy-
sical activity decreased in parks following major improvements that
included new/improved outdoor gyms, picnic areas, walking paths,
playgrounds, watering and landscaping (Cohen et al., 2009a). There
was no evidence to support the provision of pocket parks for increased
usage and physical activity (Cohen et al., 2014; Peschardt and
Stigsdotter, 2014). Further, the URBAN 40 study reported no impact on
physical activity and general health following a suite of park-based and
greening interventions (costing EUR 5 million) in 24 severely deprived
neighbourhoods in the Netherlands compared to control areas
(Droomers et al., 2015). In a subset of these neighbourhoods, an ad-
ditional cohort study also found no significant health-related im-
provements in the same individuals before and after the interventions
with two exceptions (Gubbels et al., 2016). Here, the greening inter-
ventions were associated with a small decline in leisure time cycling in
adolescents, and improvements in perceived greenery were related to a
decrease in depressive symptoms in adults. The interventions were wide
ranging and included new public parks, wall gardens, street planting
and a greenway, as well as improvements to paths, drainage, planting
and maintenance in existing parks. Quigg et al. (2011) also reported no
change in physical activity levels in children aged 5 to 10 years fol-
lowing the installation of new play equipment and seating in a park.
Finally, Cohen et al. (2012) found that although park usage increased
by 11% compared to control parks following the installation of outdoor
gyms in 12 parks, this was not statistically significant.
3.1.2. Greenways and trails (Table 2)
All studies of greenways and trails (3/3 studies) that employed a
dual approach (i.e. combined a change to the physical environment of a
greenway or trail with promotion/marketing programmes) showed a
significant intervention effect.
Two studies reported a significant positive intervention effect on
total physical activity, walking and cycling (Fitzhugh et al., 2010;
Sahlqvist et al., 2013; Brand et al., 2014; Goodman et al., 2014). One
investigated the impact of an urban greenway trail designed to enhance
connectivity of pedestrian infrastructure with nearby retail establish-
ments and schools and showed significant changes between the inter-
vention and control neighbourhoods (Fitzhugh et al., 2010). Similarly,
a large multisite natural experiment in the UK (n=1796 participants)
found that proximity to new walking and cycling routes was strongly
associated with greater use; 32% and 38% of the study population re-
ported using the new infrastructure at one and two year follow-ups
respectively (Sahlqvist et al., 2013; Brand et al., 2014; Goodman et al.,
2014). Proximity was also associated with a comparable increase inTa
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total physical activity; effect of 12.5 min per week per km closer to the
intervention. However, further analyses showed that the intervention
was not associated with any reduction in CO2 emissions (Brand et al.,
2014). A study in the USA (Clark et al., 2014) found a significantly
positive intervention effect for trail usage following a marketing cam-
paign and addition of signage.
In contrast, all studies (3/3 studies) that only involved a change to
the physical environment of the greenway or trail with no promotion or
marketing, reported no significant intervention effect on usage or
physical activity. These interventions were all in the USA and included
a new 2.8 mile (approx. 4.5 km) multiuse trail (Evenson et al., 2005), a
2.5 mile (approx. 4 km) multiuse trail in a loop (Burbidge and Goulias,
2009) and a five miles (approx. 8 km) addition to an existing greenway
along a river (West and Shores, 2011).
3.1.3. Urban greening interventions (Table 3)
All studies (4/4 studies) showed a significant intervention effect to
support the greening of vacant lots for improved physiological, psy-
chological, safety and biodiversity.
Three studies examined the effect of greening vacant lots in the USA
(Branas et al., 2011; Garvin et al., 2013; South et al., 2015) and one in
South Africa (Anderson et al., 2014). One study, conducted over
10 years, using a difference-in-difference design found statistically sig-
nificant reductions in gun assaults and vandalism, while residents re-
ported decreased stress and greater physical activity (Branas et al.,
2011). A statistically significant decrease in the number of total crimes
and gun assaults, and increased safety compared with control was re-
ported in an RCT (Garvin et al., 2013). The third study found a sig-
nificant reduction in heart rate in African-Americans exposed to
greened compared to non-greened vacant lots (South et al., 2015). Fi-
nally, the South African study reported significant improvements in
biodiversity in range of greening interventions in three deprived urban
areas (Anderson et al., 2014).
The majority of studies (3/4 studies) showed significant impacts on
health and environmental outcomes for greening of urban streets.
Interventions here were varied as were the measured outcomes. The
provision of ‘DIY streets’, including street planting and traffic calming
measures, in urban areas in the UK was associated with increased
physical activity and perceptions of the environment (e.g. safer, more
attractive) (Ward Thompson et al., 2014). Joo and Kwon (2015) re-
ported reduced levels of illegal dumping of household waste at greened
sites (n=74) compared to those without greenery (n=74) at 55.4% of
compared to 91.9% respectively. Strohbach et al. (2013) found a
greater number of bird species in 12 community-led tree planting
projects in deprived areas compared to random urban sites (p=0.049).
In contrast, greater concentrations of PM2.5 were associated with in-
creased tree canopy cover due to reduced air circulation in the street
canyon (Jin et al., 2014).
3.1.4. Green built interventions for storm water management and cooling
urban areas (Table 4)
In summary, there were eight studies identified using this approach
– four which investigated the effectiveness of rain gardens (i.e. planted
shallow depressions, with freely draining soils that provide temporary
storage of rainwater running off of hard surfaces, allowing it to soak
slowly into the ground), and four investigating green roofs. Three (out
of four) studies found a significant intervention effect to support the
provision of rain gardens for managing storm water.
A study in Ohio, USA reported a small but statistically significant
decrease in storm water quantity at the sub-watershed scale, following
the installation of 83 rain gardens and 176 rain barrels (also knowns as
water butts; collect and store water from roofs allowing it to be used
instead of potable water, for example, to water plants) on>30% of the
350 eligible residential properties in a 1.8 km2 catchment area (Mayer
et al., 2012). The invention also had a positive impact on the water
quality and aquatic biology of the catchment. A similar intervention in
the same area found a small significant decrease in runoff volume in
four areas equipped with 81 rain gardens and 165 rain barrels com-
pared to two control areas (Shuster and Rhea, 2013; Roy et al., 2014).
In contrast, however, there were no significant impacts on stream water
quality, periphyton, and macroinvertebrate metrics at the invention
sites compared to the controls. A significant reduction in storm water
flow of up to 33% of peak discharge and 40% of total run-off volume
was reported following the construction of 91 rain gardens (< 25 m2),
street-connected bio-retention cells (i.e. linear depressions that run
alongside roads providing temporary storage for rainwater, allowing it
to soak into the soil slowly) (~26–44m2) and rain barrels on two streets
(Jarden et al., 2016). In this study each intervention street had a mat-
ched control street (n=4) of similar size, drainage area and char-
acteristics. A further study examined the impact of SuDS on crime;
significant reductions in narcotics possession (18%–27% less), narcotics
manufacture and burglaries were reported (Kondo et al., 2015) using a
difference-in-difference design where comparator groups were matched
to control sites where no intervention took place. There were non-sig-
nificant reductions in homicides, assaults, thefts and public drunken-
ness. In addition, there were negative, non-significant effects on stress
levels and increased reporting of high blood pressure and cholesterol.
The intervention took place on 52 sites in Philadelphia and included
152 tree trenches, 46 infiltration/storage trenches (similar to bio-re-
tention cells), 43 rain gardens, 29 pervious pavements, five stormwater
basins, and one wetland.
All studies (3/3 studies) that investigated the provision of green
roofs showed a significant intervention effect for managing the adverse
impact of storm water, and one further demonstrated a significant in-
tervention effect for urban cooling. A green roof on a building in
Toronto, Canada (241m2) was reported to retain 63% more rainfall
than the conventional (bitumen) roof over an 18-month monitoring
period (van Seters et al., 2009). An extensive green roof (325.2m2 and
929 m2) on a university building in Michigan, USA, retained 68% of
rainfall volume and reduced peak discharge by an average of 89%
compared to a stone-ballasted roof and an asphalt roof (Carpenter and
Kaluvakolanu, 2011). The green roof also resulted in a significant in-
crease in the concentration of total solids compared to the asphalt roof.
Finally, a green roof (500m2) on a council civic centre in Auckland,
New Zealand was found to retain 57% of rainwater when compared to
the control bitumen roof (Fassman et al., 2012). All of these studies
were quasi-experiments which collected post-implementation data
only.
Finally, an extensive green roof (484m2) retrofitted on a two storey
railway station in suburban Hong Kong had a significant cooling effect
in spring, summer and fall, and a slight warming effect in winter
compared to a bare roof control site (Peng and Jim, 2015).
3.1.5. Risk of bias and study quality
Appendix E presents the results from the risk of bias and study
quality assessment for all included studies. Scores ranged from 6 (7
studies) to 11 (5 studies) out of a total of 11 criteria. Further, half of the
included studies (19 studies) scored ≤7. Factors relating to randomi-
sation, exposure and representativeness were most commonly missing
or not reported in the included studies. In particular, for park-based
interventions employing a dual approach, scores ranged 6 (NSW
Department of Health, 2002; Ward Thompson et al., 2013) to 11 (Cohen
et al., 2013) (mean 8.1). The risk of bias for studies investigating park-
based interventions that only involved a change to the physical en-
vironment ranged from 6 (Bohn-Goldhaum et al., 2013; Peschardt and
Stigsdotter, 2014) to 11 (Droomers et al., 2015) (mean 8.3). Greenways
and trails studies, employing both a dual approach and involving a
change to the physical environment only, showed similar levels of risk
of bias, ranging from 6 (Burbidge and Goulias, 2009; Clark et al., 2014)
to 11 (Goodman et al., 2014). The risk of bias findings for greening of
vacant lots showed a mean of 9.8 (range 7–11), and mean 7.5 (range
6–9) for provision of street trees. For green built interventions targeting
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stormwater management and urban cooling, the mean score was 7.3
(range 7–9), and only one study scored above 7 (Kondo et al., 2015).
3.1.6. Impact on equity factors
Overall, there is currently too little evidence to enable us to draw
firm conclusions regarding the impact of UGS interventions on a range
of equity indicators (Fig. 1). Twenty studies were based in dis-
advantaged neighbourhoods, and the results were relatively mixed in
providing supporting evidence for UGS interventions. For those studies
that did show a positive intervention effect in disadvantaged neigh-
bourhoods there is, however, insufficient reported information on
whether the community used, or indeed, benefitted from the UGS in-
terventions. Four studies targeted specific age groups; children aged
5–10 years (Quigg et al., 2011), adolescents (Cohen et al., 2009b;
Gubbels et al., 2016) and older adults (Ward Thompson et al., 2013).
Quigg et al. (2011) found no significant impact on objectively measured
physical activity among children for a park-based intervention invol-
ving change to only the built environment. Cohen et al. (2009b) showed
significant increased use for skate park use in adolescents using a non-
dual approach in a park. In contrast, Gubbels et al. (2016) demon-
strated a decrease in walking and cycling levels of adolescents using a
non-dual approach in parks. Ward Thompson et al. (2013) showed a
significant increase in quality of life for older adults in a park-based
intervention employing a dual approach. Most studies reported the
gender (n=17), age (n=21) and race or ethnicity (n=21) of parti-
cipants. Ten studies did not report any information on the PROGR-
ESS-plus indicators (van Seters et al., 2009; Carpenter and
Kaluvakolanu, 2011; Mayer et al., 2012; Fassman et al., 2012; Clark
et al., 2014; Jin et al., 2014; Roy et al., 2014; Joo and Kwon, 2015; Peng
and Jim, 2015; Jarden et al., 2016). However, it should be noted that
for some studies, these indicators may not be applicable as the out-
comes are environmental (e.g. rainwater management, species
number). None of the studies reported powering their analysis of out-
comes for these equity variables.
3.1.7. Cost–effectiveness of UGS interventions
Four studies undertook preliminary economic evaluations and
found that UGS interventions were relatively cost-effective (Cohen
et al., 2012, 2013, 2014; Bird et al., 2014). Studies investigated inter-
ventions that ranged from $45,000 (Cohen et al., 2012) to $3.5 million
per park (Cohen et al., 2009b), to a total area-wide intervention cost of
$6.1 million (Droomers et al., 2015). Cohen et al. (2012, 2013, 2014)
based cost-effectiveness on increased physical activity, measured in
Metabolic Equivalent of Task (MET)-hours/year. Each MET-hour
gained is equivalent to a person engaging in moderate-vigorous phy-
sical activity for approximately 15min, with cost effectiveness judged
at whether the cost was less than between $0.50 and $1.00 per MET-
hour. Cost effectiveness of the three park-based interventions was re-
ported to be $0.14 to $2.40 per MET (Cohen et al., 2012, 2013, 2014).
Preliminary evidence suggests that investment in trails for walking and
cycling have significant benefit-cost ratios due to increased walking and
cycling attributable to the intervention (Bird et al., 2014). There was no
evidence investigating the economic implications of other types of UGS
interventions in these studies.
4. Discussion
To our knowledge, this review is the first of its kind to perform a
systematic review with a meta-narrative method to explore the effects
of UGS interventions on health, wellbeing, social, environmental and
equity outcomes.
4.1. Summary of findings
In summary, the overall findings from the current review demon-
strated evidence to support the provision of UGS interventions for en-
vironmental, health, wellbeing and social effects. As the narratives were
categorised by intervention approach it is not possible to present the
findings by study design. There was particularly strong evidence for
park-based and greenway/trail interventions employing a dual ap-
proach (i.e. a physical change to the UGS and promotion/marketing
programmes), principally for promoting health and wellbeing through
increasing park use and physical activity; greening of vacant lots for
health and wellbeing (e.g. reduction in stress) and social benefits (e.g.
reduction in crime, increased perceptions of safety); greening of urban
streets particularly for environmental benefits (e.g. increased biodi-
versity, reduced illegal dumping); and SuDS for managing storm water.
There was some evidence to support the provision of green roofs for
environmental benefits (i.e. urban cooling).
There was little evidence to support the use of park-based inter-
ventions that only involved physical change to the UGS (i.e. they did
not include programmes to promote the use of the green space), in-
cluding pocket parks for usage, health and wellbeing benefits. There
was no evidence (i.e. an absence of studies) for green walls, allotments/
community gardens and urban agriculture-based interventions. Finally,
there was a lack of evidence regarding adverse or unintended con-
sequences, the long-term impact, economic benefits or the differential
impacts of UGS interventions on various equity indicators.
However, overall it is important to interpret these findings in the
context of a relatively sparse evidence base, and methodological lim-
itations highlighted in the Research Recommendations section below.
4.2. Practice, policy and research directions
The findings of this review and discussions among the authors at a
WHO expert panel workshop informed meta-narratives for future di-
rections regarding UGS practice, policy and research. These meta-nar-
ratives are summarised below and outline specific recommendations for
practitioners (including urban planners, urban designers, landscape
architects, civil engineers, transport engineers, property developers,
public health practitioners), policymakers and researchers regarding
UGS interventions.
4.2.1. Practice directions
Findings from this review provide particularly strong evidence for
employing dual approaches that provide a change to the physical en-
vironment but also include programmes to encourage and promote use
of the UGS. Where UGS interventions are being developed, practitioners
should ensure that funding is in place to promote the UGS or deliver
programmes to encourage its use. Low cost successful strategies such as
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Fig. 1. PROGRESS-Plus reporting in included studies
Note: Studies may report PROGRESS-Plus factors in more than one way. The
figure shows that the majority of studies, if they reported any equity indicators,
mainly did so using baseline demographics to describe the population sample. A
limited number of studies undertook any sub-group analysis, adjusted analysis
or interaction analysis which greatly limits our ability to draw any firm con-
clusions about the impact of UGS interventions on equity factors.
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implementation of signage, promotional events and training park
managers to promote use of the parks have been shown to be effective,
including in the long-term.
Practitioners and policymakers must also extend their view of UGS
beyond the provision and maintenance of public parks. Although public
parks are an important resource for public health (Bedimo-Rung et al.,
2005), funding for the long-term management and maintenance is
seldom prioritised against other spending. This can result in a widening
of health inequalities and environmental justice issues, due to a lack of
access to UGS and poor maintenance in the most deprived areas. Al-
though, adequate funding for park maintenance should be a priority,
this review highlights the effectiveness of other types of UGS inter-
ventions in achieving health, wellbeing, social and environmental
benefits. These diverse types of UGS interventions, such as greening
vacant lots, green roofs and green trails, offer the opportunity to green
deprived areas and provide a mix of UGS at the neighbourhood scale.
Practitioners and policymakers should consider this mix of interven-
tions in order to ensure equitable, effective and cost efficient delivery of
health, social and environmental benefits to all urban residents. How-
ever, it should be noted that the issue regarding maintenance also ex-
tends to these other types of UGS interventions as well as parks.
The findings of this review, together with those from a WHO expert
panel workshop on UGS interventions (see Acknowledgements), have
been used to build on the previous recommendations by the WHO
Regional Office for Europe (2006) and NICE (2018), Public Health
England (2014) and Institute for European Environmental Policy (IEEP)
(2016). This provides a broader suite of recommendations to in-
corporate other health, social and environmental outcomes.
The following factors should be considered when designing UGS
interventions:
1. Given the complex social and economic dynamics that occur at
scale, the delivery of UGS requires both a multidisciplinary (urban
planning, landscape architecture, civil engineering, ecology, en-
vironmental science, urban design, public health, health economics,
environmental science) and multisector (academic, government,
non-governmental organisations, private sector) approach.
2. Not all UGS interventions, or the neighbourhoods in which they are
located, are the same, factors such as type of UGS, maintenance
requirements and users all affect its desired functions and benefits.
Therefore, the context of UGS must be considered from the outset.
3. The design of UGS interventions should incorporate and maximise
health, environmental and social benefits based on the context of
the area.
4. ‘Soft measures’ including promotion and marketing of UGS should
be included alongside physical or ‘hard’ interventions, to maximise
use and the resulting health and social benefits, this is particularly
important in new communities and deprived neighbourhoods.
5. Local communities, and indeed different population subgroups in
these communities, use UGS in a variety of ways. Interventions
therefore need to consider how the UGS may be used and what the
needs of the local community are now and in the future as the po-
pulation changes.
6. Engage the local community throughout the design process to en-
sure that their needs are incorporated into the intervention. This
will also encourage the community to take ownership for the UGS
and its future management and maintenance, which is particularly
important given the reductions in budgets for this type of activity.
7. UGS interventions should be planned and designed from the outset
to maximise the long-term delivery of benefits. This means ‘de-
signing-in’ features that specifically focus on long-term health, so-
cial and environmental effects, including the provision of ‘soft
measures’ and the long-term management and maintenance plans
for the UGS.
4.2.2. Policy directions
Providing, enhancing and protecting UGS presents a significant
policy opportunity to improve multiple facets of health, quality of life
and the environment. While the evidence summarised here and in other
reviews is sometimes mixed, there trajectory is generally towards a
positive association between UGS and health, wellbeing, social and
environmental outcomes. Policymakers must ensure that any provision
or improvement of UGS is done so through an ‘equity lens’ to ensure
that negative consequences of gentrification and unequal access are
minimised.
Although the economic impact of such interventions is limited to
date, projected cost-effectiveness is likely to be excellent (Dallat et al.,
2014) and the few published economic evaluations of UGS interven-
tions are positive. Bird et al. (2014) suggests significant financial sav-
ings could be made as a result of increased numbers of people walking
and cycling. Similarly, a modelling study suggested that effectiveness
estimates as low as a 2% gain in population physical activity levels
would be cost-effective (£18, 411/disability-adjusted life year) (Dallat
et al., 2014). Although the direct health gains are predicted to be small
for any individual, summed over an entire population, they are sub-
stantial (e.g. health value of physical activity in natural environments
in England has been estimated at £2.2bn/year) (White et al., 2016). The
current research provides evidence to support international commit-
ments, such as the Parma Declaration in the WHO European Region and
the global Sustainable Development Goals. Although, as noted by Kelly
et al. (2017), the relationship between evidence and action, and evi-
dence and policy is not a linear process, and research, policy and
practice must work together in a virtuous circle. Researchers must
understand and listen to what policymakers and practitioners need.
4.2.3. Research directions
Although, the findings in this review are generally positive there is
still a paucity of robust evidence related to UGS interventions, parti-
cularly 12months post intervention. We must now move towards in-
tervention-based research that will help policymakers and practitioners,
such as built environment professionals. Research must be co-created
and provided in a timely and accessible manner, and this has implica-
tions for current publication and funding models. Although many cities
are increasing and improving their UGS, funding is seldom available to
provide a robust assessment of its impact. This could be improved by
ring fencing a proportion of the capital budget for evaluation.
Recent reviews have highlighted areas to improve the rigour of UGS
interventions (although these reviews did not consider interventions
such as SuDS as are included here) and researchers are referred to
Hunter et al. (2015) and Benton et al. (2016) for further details re-
garding methodological issues in conducting research in this area. Fu-
ture research should address the key gaps identified in the evidence
base in particular around intervention types (green walls, allotments/
community gardens, urban agriculture), and issues such as adverse and
unintended consequences, the long-term impact, economic benefits or
the differential impacts of UGS interventions on various equity in-
dicators. Further, only a small number of studies investigated the im-
pact on health and wellbeing outcomes. Future research should focus on
extending the evidence base for these outcomes. While a number of
studies assessed physical activity outcomes, a pathway to health and
wellbeing, only a few studies directly assessed health and wellbeing
outcomes.
Economic evaluations are fundamental to support policymaking and
urban planners. Future research must consider the wider economic
impact of UGS interventions, including health and societal costs, for
example, health care costs, reductions in carbon emissions due to
change in travel behaviour, improvements in safety, and reduced crime.
Given the limited attention in this area to date, we argue that UGS
interventions are largely undervalued as their aggregated benefits on
health, society and environment are yet to be investigated. These are
essential in making the case for investment in UGS as often decision
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making is based on the opportunity cost of providing UGS as opposed to
other land uses, and in prioritising other areas of public spending.
There is a considerable gap in the theoretical basis to guide inter-
vention approaches, and further, the current intervention approaches
largely negate the large and conclusive cross-sectional evidence base.
Future studies should include a more complete description of their in-
tervention strategies and logic models that describe the assumed causal
pathways by which the intervention effects the outcomes. For example,
null findings (especially of physical change only interventions) could be
associated with lack of long term follow-up. Such interventions may
take several years to have an impact (Goodman et al., 2014) as beha-
viours take time to settle.
It is well established that complex, public health interventions can
sometimes have unintended negative consequences. However, evalu-
ating adverse effects and unintended consequences is a neglected area
in UGS interventions. For example, the provision of UGS may lead to
gentrification of an area and widen health inequalities (Cole et al.,
2017), or increased air pollution due to reduced air circulation from
canopy cover (Jin et al., 2014). Future research must take a multi-
faceted approach to measurement, including health, wellbeing, social
and environmental factors. Given the narrow, unidimensional lens of
previous interventions, we suggest that research is yet to realise the true
potential of UGS. As shown in this review, most studies only measure
one/few outcomes (e.g. physical activity, surface water flow, tem-
perature or biodiversity) and therefore do not capture all potential
impacts of the UGS intervention. This highlights the importance of
having multidisciplinary evaluations as well as design teams. However,
based on the results of this review it is unknown whether UGS inter-
ventions could impact on all outcomes as this has yet to be investigated.
None of the included studies investigated the combined effects of UGS
interventions on health, well-being, social, environmental, equity ef-
fects and known influencing factors. Hence, it is unknown whether UGS
interventions could affect all outcomes together as they interact in a
complex system. Indeed, such interactions may have positive or nega-
tive consequences. For example, the installation of an outdoor gym or a
(paved) greenway trail might increase physical activity but may also
decrease the capacity to absorb storm water. This is important to
evaluate the true potential of UGS interventions.
Our results show that these studies have some inherent risk of bias
due to study designs, which is in line with previous reviews (Hunter
et al., 2015; Benton et al., 2016). Methods of randomisation, exposure
and representativeness were poorly described but where reported, were
appropriate.
Our results show that little is known about equity effects in UGS
interventions. The majority of the included studies record information
on a number of the PROGRESS-Plus factors. However, very few actually
report details of relevant analyses to determine which population sub-
groups may stand to benefit or be further disadvantaged by UGS in-
terventions. In order to fully understand the equity impacts of UGS
interventions, we recommend that subgroup and interaction analyses
are conducted in future studies. UGS may be a core resource in tackling
health inequalities by moderating the effects of income inequality on
disparities in mortality (Mitchell and Popham, 2008).
4.3. Strengths and limitations
This review included a comprehensive search across a range of
public health, social sciences and urban planning databases, and shone
a multi-dimensional lens on the various possible outcomes of UGS in-
terventions. In an attempt to negate publication bias, we searched for
studies in grey literature. However, included studies were mostly from
high-income countries, particularly the USA, UK and Australia, which
limits the generalisability of the findings, particularly to other countries
with distinct urban planning contexts and cultural differences in the
design and use of UGS. There was also large heterogeneity across the
included studies, including target populations, settings, intervention
approaches, study design and outcome measures which has restricted
our ability to draw firm conclusions. Given the complex nature of these
interventions, it is difficult to disentangle the ‘active’ components. For
example, the fact that the dual approach is the most effective raises
questions whether the physical change to the green space is really ef-
ficient, or that it is due to the marketing programmes to stimulate
physical activity in the green space. Further, UGS interventions for
storm water management are all in combination with other “non-green”
interventions, like rain barrels and pervious pavements. Therefore, it is
hard to separate true effects of “green” interventions from the “non-
green” interventions. As the longest follow-up period was maximum
two years in the included studies, there is uncertainty regarding the
longer term effectiveness of UGS interventions. Further, we did not
exclude studies of low quality and therefore conclusions should be in-
terpreted in light of these assessments. Due to the heterogeneous nature
of the review, outcome measures and interventions, it was not appro-
priate to conduct a meta-analysis.
5. Conclusion
In summary, UGS has an important role to play in creating a “cul-
ture of health” including the “social health” of our neighbourhoods and
communities. Results from this study provide supportive evidence re-
garding the use of certain UGS interventions for health, social and en-
vironmental benefits, in particular park-based and greenway/trail-
based interventions employing a dual approach. However, for other
UGS interventions the evidence is inconclusive. These findings should
be interpreted in light of the heterogeneous nature of the evidence base,
including diverging methods, target populations, settings and out-
comes. The potential for unintended consequences of UGS interven-
tions, for example increased air pollution due to reduced air circulation
by urban street trees, should be noted. None of the studies included in
this review considered a holistic approach, measuring health, well-
being, social and environmental outcomes. We argue that the true po-
tential of UGS has not been realised as studies have typically under-
evaluated the intervention. Rather, the findings from the present review
highlight the need for researchers to conduct better natural experiments
that address issues such as inadequate control sites and poor control of
confounding variables, measurement of outcomes, and selection of the
reported result as described by Benton et al. (2016), to inform policy
and practice, especially in light of the growing policy response in this
area.
Urban green space – and urban planning in general – cannot be seen
in isolation from other local government priorities such as transport and
housing. It must be framed holistically and viewed as a complex system
in which the interplay between physical, economic, social and natural
ecosystems affects health, behaviours and communities. The growing
diversity of our towns and cities is transforming how UGS is required
and negotiated for health, wellbeing, social and environmental benefits.
In an increasing urbanised world, UGS is competing against the growing
need for housing, transport infrastructure etc. Significant UGS invest-
ment is made worldwide, and many researchers and policymakers alike
have gradually shown increased support to implement cost-efficient
and effective UGS interventions to improve population-level health,
wellbeing, social and environmental factors. There are very few – if any
– other public health interventions that can achieve all of this.
Supplementary data to this article can be found online at https://
doi.org/10.1016/j.envint.2019.104923.
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